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I. INTRODUCTION
Allenes constitute a class of organic compounds 
containing two adjacent carton-carbon double bonds which 
are orthogonal. In the atomic orbital representation of 
the allene skeleton* I, the central carbon atom forms two 
colinear sp- <r bonds to the terminal sp2-hydridized car­
bons. The two remaining electrons of the central atom 
occupy p orbials which are directed at right angles to each 
other. Overlap between these p orbials and the p orbitals






This geometry compels the groups bonded to the 
terminal carbons to exist in two planes perpendicular to
V
each other. If the condition that a^ b is met* the ar­
rangement of atoms in space leads to a dissymmetric mole-
•|
cule. This fact had been predicted by van’t Hoff in 1875* 
and was verified sixty years later when optically active 
allenes were obtained by Maitland and Mills2 and by Kohler 
and coworkers.^
Most of the investigations in the field of allene
1
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2chemistry have involved new preparative methods^ or addi- 
tions of compounds across one of the double bonds of the 
allene skeleton by polar^ and by free radical mechanisms.^ 
There are no examples in the literature of displacement 
reactions on the allene skeleton itself except for studies 
of allene-acetylene rearrangements.^a
In recent years the electrophilic cleavages of 
carbon-metal bonds have been shown to constitute useful 
systems for the study of electrophilic displacement re­
actions,, The metal atom of an organometallic compound is 
a good leaving group in electrophilic substitution due to 
its electropositive character. The organometallic com­
pounds of the elements below carbon in Group IVa and mer­
cury have received the greatest attention. This is 
probably due to their greater availability and relative 
ease of handling.
Verdone^ and Mangravite® have studied the pro­
tonolysis of a number of allyltin compounds in methanol.
At the concentrations used the attacking electrophile is 
the lyonium ion. On the basis of observed kinetic order, 
deuterium isotope effects, and product analysis, the pos­
sible mechanisms for the reaction can be narrowed down to 
two o
The first involves a concerted process in which 
the proton attacks at the carbon gamma to the tin in the 
allylic skeleton. The second alternative involves a two- 
step process in which a proton is first transferred to the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
3same carbon as above in the rate determining step. Then 
in a fast step, the resulting carbonium ion collapses to 
give products. Both mechanisms are SB’ and are kinetically 
indistinguishable. The two mechanisms are shown in equa­
tions (l-3)o
Concerted process
R3 Sn-CH2-CH = CH2 + HT R3Sn + CH2 = CH-CH3 (l)
Two-step process 
R 3 Sn-CH2-CH = CH2 + H R3 Sn-CH2 -CH-CH3 (2)
R 3 Sn-CH2 -CH-CH3 R3 Sn+ + CH2 = CH-CH-j (3)
These workers proposed two possible transition states 
for the rate determining step. These structures, II and III, 
both involve backside coordination of a solvent molecule 
with the tin group. Structure II represents an SB2' transi­
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4The tin atom has available empty d orbitals to accommodate 
either structure, and the energy of two structures should 
be nearly the same.
Kreevoy and coworkers^ have also observed that the 
rate determining step in the acid cleavage of allylmercuric 
iodide is a proton transfer to carbon.
The mechanism is similar to those proposed by 
Gielen and N'asielski’' 0 for the iodine cleavage of tetrallyl- 
tin and by Sleezer, Winstein and Toung1 1 for the acid 
cleavage of crotyl- and cinnamylmercuric bromides and 
acetates e
The work presented in this thesis involves the 
electrophilic cleavage of a number of allenyltin deriva- 
tives by lyonium ion in methanol. The replacement of the 
allyl skeleton by an allenyl skeleton alters the system so 
that the tin group is both allylic and vinylic. In this 
case the position of attack of the electrophile determines 
whether the product is an allene or an acetylene, rather 
than the position of the double bond in the allylic cases.
Activation parameters and allene/acetylene product 
ratios have been obtained for five allenyltin derivatives. 
The compounds studied have been chosen to show the effects 
of the other groups on tin as well as the effect of a 
phenyl group at either end of the allene skeleton.
Also included in this work are exploratory studies 
on the reactions of allenyltin compounds with other electro- 
philes. The electrophilic agents used were chlorine, bro­
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
mine and 2 5,4 -dinitrobenzensulfenyl chloride „ In these 
cases only acetylenic isomers were obtained as products
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
6II. Results and Discussion
A. Preparation of Allenyltin Compounds
In view of the previous work In these laboratories
7 8
on the mechanism of protodestannation of allyltins, * 
it was deemed appropriate to study the corresponding re­
action with allenyltins (IV).
R R8
^ C = C = 0 
H SnR^
IV
The compounds chosen for this study reflect the electronic 
effect of a phenyl group at each end of the allene 
skeleton,
IVa R = C6H5
r 8 =  R "  =  C E L
5
IVb R = R" = CH^
H 9 = C6 H5
and the effect of changing the R" group on tin.
IVc R = Rs = R" = CH3
IVd R = R* = CH3
R” = C2H5
IVe R = R 1 = CH^
R" = g6 h5
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
7The major difficulty In this work has been the 
preparation and purification of the allenyltins. Two 
methods of preparation have been Investigated, The first 
Involved the preparation of the appropriate propargylic 
G-rignard reagent which was then coupled with a trlalkyl*= 
or triaryltin halide. In every case the only product 
obtained was the allenyltln and none of the corresponding 
propargyl Isomer was detected. The second method Involved 
the reaction of a trialkyltinsodium with a propargyl 
halide. This method was found to be useful only for 
trlmethyltinsodlum due to a coupling reaction between the 
trialkyltinsodium and the more reactive trlalkyltin halides 
such as trlcyclohexyltin bromide and triisopropyltin bro­
mide. This method of preparation also gave only the 
allenyltln.
The fact that an Isomeric propargyltin was never 
detected poses the problem of the structure of the Grignard
reagent formed from a propargylic halide. Gaudemar and
1 2 1 '5)coworkers s J have examined a number of these Grignard 
reagents by Infrared and Raman spectroscopy. In the system 
R-»C=C-"CHBr-R8 , when R = H and R8 = H or when R = H and 
R8 = GEj>9 the Grignard reagent is entirely allenic. When 
R = CH^ and R8 = H the Grignard reagent is a mixture of 
allenic and propargylic structures. It has also been 
shown that in the reaction with a carbonyl function, an 
allenic Grignard gives only an acetylenic alcohol while a 
mixed Grignard (R = 02H5 or 4^*^ 9 an(^  = 6ives both
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
814allenic and acetylenic alcohols.
The problem is further complicated by the work of
* * 1 RBenaim, J He has shown that in the reaction between a 
Grignard reagent derived from a propargyl halide and a 
dialkyl or diarylhaloarsine, the relative amounts of 
allenylarsine and propargylarsine in the product mixture 
depend on the structure of the propargylic halide, the 
order of addition, the eventual excess of one of the sub­
strates and on the temperature.
The nature of the metal atom also seems to be im­
portant In determining the structure of the organometalllc
■I ZT
product, Cadiot and coworkers have reported that when 
the Grignard reagent of 3-bromo-l-propyne is allowed to 
react with trisubstituted Group IVb metal halides, the 
relative amount of allenic isomer increases with increasing 
atomic number in the Group,
In the preparation of the allenyltins, the tin 
halide was always in excess, the Rf group was always alkyl 
or aryl, the temperature at which the coupling reaction 
took place was always above 20®, and tin occurs near the 
bottom of Group IVb, The combination of all of these 
factors must have led to the exclusive formation of the 
allenic isomer. This suggests that by systematically vary­
ing the conditions, one might be able to prepare also the 
propargylic Isomer,
Once the allenyltln compounds, IV a-e, were pre­
pared It was necessary to keep them under an inert atmos­
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
9phere. If exposed to air, the compounds which were liquids, 
IV a-d, rapidly deposited white crystals of a polymeric 
oxidation product.
Bo Acid Cleavage of Allenyltins
The reaction of each of the allenyltins, IV a-e, 
with hydrogen chloride In methanol-*4$ water has been 
studied in detail. The reaction has been shown to be first 
order In acid and first order in tin compound through at 
least 1*5% reaction. Second order rate constants have been 
obtained at 25°, 35% and 45° „ From these data Eyring 
activation parameters have been calculated. The products 
of the acid cleavage reactions have also been determined 
when the reactions were run under conditions approximating 
those of the kinetic runs.
All of the allenyltln compounds showed an Intense 
maximum in the ultraviolet spectrum at 205~210 mju. Since 
absorptions measured In this region would have large 
margins of error in the methanol solvent, it was decided 
to work at 225™235 mu where the curves are smoothly de- 
scending. The kinetic data was obtained by a direct 
method, the measurement of the decrease of absorbance of 
the reaction mixture with time. This method has been 
worked out by Verdone1^ for following the rate of acid 
cleavage of allyltin compounds.
In a second order reaction with equal initial con™ 
oentrations of both reactants, the following equation for 
the rate can be written?
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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- §  = *2 c2 (1 )
Integration of this equation gives?
i - i := kPt (2)
c t C6 2
where CQ = concentration of both reactants at zero time
= concentration of both reactants at time t
In a second order reaction with unequal initial




Integrating this equation one obtains?
a»b
 = k 2 ( a""x )  ^  ^3)
where?
a = Initial concentration of reactant in excess 
b = initial concentration of reactant in limited 
amount
x = decrease in concentration of both a and b 
in time t
A plot of log versus t is linear with slope =
k0( a-b) a
 ——  and y Intercept log r* „
2 . 3 0 3  b
The value of the term log | frl'x } at time ^ can be 
determined spectrophotometrieally from the absorbance of 
the reaction mixture at time t. Beers Law states that?
A = €cl (5)
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
11
where s
A = Absorbance 
£ = extinction coefficient
G = concentration of the absorbing reactant 
in moles/liter 
1 = patblength in cm. (1 = 1.0 in this work) 
Therefore the concentration of the absorbing reactant at 
time t is:
A a
ct = -r <6>
and x , the decrease in concentration of the absorbing re­
actant, at time t is:
x = Co —  Ct = 16
Under pseudo first order conditions, equation (3)
-i O
is written :
f S = k x (a-x) (8)
and the integrated form is:
2 *303 log ( a-x) = - k-^ t + log a (9 )
Converting the concentration term (a-x) to absorbance by
equation (6 ) and correcting for absorbance of the products 
at infinite time, equation (9 ) becomes:
2=303 log ( A ^ A ^ )  = - ^ t  + log (A0-A00) ( 10)
A plot of log (A. ~A„) versus t is linear with slope
k
u 0O
_ „ and the y intercept log ( Aq-A^) =
Duplicate second order rate constants were obtained 
at 25°, 35°, and 45°° Table I gives the values for the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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compounds IV a-e. At a given temperature the rate con­
stants agree to within
Figures I and II show representative rate plots for 
acid cleavage reactions run under pseudo first order con­
ditions and second order conditions respectively. The 
interpretation of the rate data is discussed helow in the 
section on the mechanism of the reaction*




values for ^  H and ZS. S for each of the tes
were calculated using the Eyring equation.'
. $ $
, kT S A  H . .
*t = ~  e “R—  e * RT~ (11 )
Equation (11) was not plotted by hand but was solved for 
A H  and ^  S by a computer program employing the method
ppv
of least squares (See Appendix I for program). Table 
II gives the values of the activation parameters for com­
pounds IV a-e. Following each value is the standard de­
viation as determined by the computer from the least 
squares plot. Figures III-VII show a hand plot of the 
Eyring equation from the rate constants obtained for 
compounds IV a-e.
In order to completely characterize the acid 
cleavage reaction, It was necessary to determine what the 
products were. There are two positions of attack in the 
allenyltins. Attack of the lyonium ion on the carbon-tin 
bond produces an allenic hydrocarbon product. Conversely 
attack at the opposite end of the allene skeleton gives as
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure I 
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Table I
Second Order Rate Constants for the Acid 
Cleavage of Allenyltins
k 2 M - 1 sec , " 1
Compound 25°a 35°b 45°b
g 6 H 5 c h








= c = ^ 0.519 0.939 1 o64
H VSn(CH ),
IVc ^ -> ;
v
CH, .CH,
G = C = C 5 0.299 0.558 1.01
H ^  ^Sn( CpH,-),
IVd 0 D
CH, CH,
= C = C. 3 0.00739 0.0183 0.0282
Sn(C6Hn ) 3
IVe
a) These values are the average of at least four runs
b) These values are the average of at least two runs.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Table II
Activation Parameters for the Acid 
Cleavage of Allenyltins
C ompound AH^ (^oa'^ /iaole) A S  ( e .u)
6^5








• ^ 0 = 0 = 0  3 10.2+0.1 ”25.5+0.3





C = C = C
IVd
\Sn( C2H3)3




c = c = c,
IVe
Sn(C6H5 )3
12.0 + 2.3 •27.7+ 7.6
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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the product the Isomeric acetylenle hydrocarbon* Details 
for the method of product analysis are given in the Ex­
perimental Section. The products were identified through 
gas chromatography by comparison of retention times with 
compounds prepared by alternate syntheses and by comparison 
of the appropriate Infrared spectra. The areas under the g.l.c. 
peaks were integrated to determine the relative amounts of 
each isomer. It is important to note that each product was 
checked and found to be stable under the reaction and 
analysis conditions. That is the allenes, 2 ,3 -pentadiene 
(V) and 1-phenyl-l,2-butadlene (VI), were not isomerized 
to the corresponding acetylenes in the presence of hydrogen 
chloride and trimethyl tin chloride. And conversely the 
acetylenes, 2-pentyne (VII), 1 -phenyl-l-butyne (VIII), and
l-phenyl-2-butyne (IX) were stable towards isomex*izatlon to 
the corresponding allenic hydrocarbon.
Only trimethyltin chloride was used in the product 
stability experiments although trlethyltin chloride and 
triphenyltin chloride were products of the acid cleavages 
of IVd and IVe. The isomerization of an allene to an 
acetylene involves a prototropic rearrangement. Therefore 
If the tin halide can function as a catalyst for the iso­
merization then trimethyltln chloride should be the most
21effective since it is the most polar.
Table III gives the product analysis data for the
acid cleavage of compounds IVa and IVb. In this case the 
possible hydrocarbon products are 1 -phenyl-l,2 -butadiene
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission
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C'VI), 1-phenyl-l-butyne (VIII) and l-phenyl-2-butyne (IX), 
Since the g,l,c. peaks of these compounds could not be 
completely resolved the numbers were reproducable only to 
about ± Table IV gives the product analysis data for
compounds IVc, IVd and IVe, 2,3-Pentadiene (V) and
2-pentyne (VII) are the possible products in these 
cleavage reactions. These values were reproducable to
+ 2% o
G . Mechanism of the Acid Cleavage Reactions
In discussing the mechanism of the protonolysis 
of the allenyltins, one should first look at the corre­
sponding reaction with the allyltins, Kuivila and co-
rj Q '
workers * have shown that the protonolysis of allyltins 
is second order, first order in tin substrate and first 
order in lyonlum ion. These workers have suggested that 
the lyonlum ion is the electrophllic species in view of 
the dramatic increase in the rate of protonolysis as the 
per cent water in the methanol is decreased. The equili­
brium expressed in equation (1 2 ) .is shifted to the left as 
the concentration of water is decreased.
MeOH2 ■ H20 ^  H-jO* + MeOH (12)
The lyonlum ion is a much more acidic species than the 
hydronium ion, and in the solvent system methanol--4% water 
this equilibrium would be expected to lie far to the left. 
The mechanism of the reaction of lyonlum ion with 
the allyltins is SE!. For example the acid cleavage of
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Table III
Products of Acid Cleavage Reactions 
of IVa and IVba
Compound % VI % VII % IX
°6 H 5 ^CH,
= C = C 3 40 —  6 0
H XSn(CH,),
IVa 3 3
CH, ^  C6H5
3^ C  = C = <  b 8 5 15 —
H Sn(CH,),
I Vb 3 3
aThe values reported .are the average of 
duplicate product analyses.
Table IV
Products of Acid Cleavage Reactions of
IVc, IVd and IVea
Compound % V % VII
CH, ^ CH-*




3^ C  = C = C 3 33 67
H Sn( CqH,-) ,
IVd 2 5 3
CH- ^ CH,
3 v c = c = c 3 11  89
^SnCCgHn),
IVe 3 3
aThe values reported are the average of 
duplicate product analyses
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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els- and trans-crotyl trimethyl tin produces only 1-butene. 
RjSn-CHg-CH = CH-CH^ + K — *■ R3 Sn+ + CH2 = CH-CH2CH3 (15) 
That the 1-butene did not arise from attack on the carbon- 
tin bond with subsequent rearrangement of the 2 -butene, was 
shown by substituting deuterium chloride for hydrogen 
chloride. Deuterium was Incorporated into the 1-butene in 
the three position only.
A study of the deuterium isotope effect showed that 
k*VkD for allyltrlmethyltin was 3.27. The fact that this 
value is greater than unity rules out a mechanism Involving 
a pre-equilibrium between the allyltin and acid, followed 
by a slow collapse of the protonated species to form the 
products. Also in this type of mechanism, more than one 
deuterium would be found in the hydrocarbon product, a 
situation which, was contrary to experimental results.
These workers have proposed two kinetically indis­
tinguishable mechanisms both of which are SE* . These are 
shown in equations (14-16).
Concerted Process 
R3 Sn-CH2 -CH = CH + H+sj ^  R^Sn" + CH^-CH = CH2 (14)
Two-steP Process 
R3 Sn-CH2 -CH = CH2 + H+ g- ^  R3 Sn-CH2 -CH-CH3 (15)
R3 Sn-CH2 -CH-CH3 — * R^Sn >  CHg = CH-CH3 (16)
These two mechanisms may be limiting cases with the true 
mechanistic path lying at some point between depending on
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the tin substrate. For instance p -methallyltrimethyltln 
reacts about 5 0 times faster than allyltrimethyltin at 
25°. This difference in rate is due to a zi A  S of 10 
e oU„ in favor of the methyl substituted compound, which can 
form a tertiary carbonium ion rather than a secondary car- 
bonium ion in the case of allyltrimethyltin. Therefore the 
mechanism for p -methallyltrimethyltin may be more like the 
concerted process®
These workers also have proposed two possible transi­
tion states for the slow step of the protonolysis® These 
structures, II and III (see p. 3 ) differ mainly in geometry. 
Both of the structures involve a species in which some 
positive charge has developed on the middle carbon of the 
allylic system® Proton transfer has begun and cleavage 
of the carbon-tin bond is underway. It was observed that 
as the steric bulk of the R group of tin was increased,
A  H became larger and A  S became more positive.
This is evidence for participation by a solvent molecule 
at the back side of the tin atom® As the steric bulk of
R is increased this participation is made less favorable,
"4"increasing A  H , and causing the transition state to be
+-
less crowded causing A  S to become more positive.
The reaction of the lyonium ion with the allenyl- 
tins in methanol-^water is second order, first order in 
electrophile and first order in tin substrate. In this 
case however, the reaction is not as simple as with the 
allyltins. The fact that two isomeric products were ob-
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served In eacli case shows that two reactions, attack of 
the electrophlle at both ends of the allene skeleton, are 
taking place simultaneously. These two reactions are 
quite different in character; one involves attack on a 
carbon-tin bond while the other Involves attack on the
TT system of the carbon-carbon double bond.
From the kinetic data the following observations 
can be made. First of all the range of rate constants is 
smaller for compounds IV c-e than In the case of the cor­
responding allyltins. At 25° the difference between the 
fastest and slowest is only a factor of 70. For the 
corresponding allyltins, this difference is a factor of 
about 140. Also the activation parameters for all five 
allenyltin substrates are almost identical. These two 
facts indicate that only weak electronic effects are 
responsible for differences in rate and the steric effects 
in the transition state play practically no part at all.
The large negative values for A  S indicate a
highly ordered transition state in each case. Since the
allene skeleton Is a rigid system, this suggests a large
degree of solvent orientation in the transition state.
*
The only allyltins for which A  S was less than -20 e.u. 
were seven and eight member cyclic compounds. These would 
be expected to have larger negative values due to an 
Increase in rigidity of the rings on going to the transi­
tion state.
Finally the similarity of the activation parameters
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for the five allenyltins suggests that the energy require™
ments for attach on a carbon™tin cr bond ( SE2 mechanism) are
very similar to those for attack on a carbon-carbon IT bond
(SE28 or SEi8 mechanism).
R < R 8
C = G =
E' t f SnR3"
SE28 or SEi SE2
This observation is quite surprising.
Perhaps more relevant conclusions can be drawn from 
the data in Table V. Here the second order rate constants 
for compounds IV a-e have been partitioned into partial 
rate factors by multiplying the overall rate constant by 
the fraction of product formed by the SE2 and SE8 processes 
respectively. The relative amounts of products for each 
reaction are found in Tables III and IV. All partial rates 
were then made relative to the slowest reaction, the SE2 
reaction of IVe. In addition the partial rates for com­
pounds IV a-o were made relative to the SE8 reaction IVb.
First of all a comparison of the relative partial 
rate factors for IVc and IVd, shows the steric effect 
changing the trialKyl group from methyl to ethyl. The 
rates of the SE8 reactions are practically the same while 
in the SE2 reaction IVc reacts three times as fast as IVd, 
Substitution of the triphenyl group for the 
trialkyl group depresses greatly the rates for both SE2 
and SE8 processes due to the electron withdrawing character 
of the phenyl groups. This effect makes the tin more elec­
tropositive causing the bond energy of the carbon-tin bond
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Table V
Rate Data in Terms of Partial Rate Factors
SE2a,b _ , , SE1a,b
k2 at 25° Rel k2 Rel k2‘Compound
QgHrj Qjj
= C = 3 o.lll 54(2.4) 82(3.6)
H "  XSn(CH )
IVa 3 ^
GH5'v c = c = C- ° 6 H 5 0.125 130(5.7) 23(1)
H "  xSn(CH,),
IVb ^ ^
GH CH




3 ^ C = C = C  3 0.299 120 240
H Sn( CpH,-)-z
IVd * ° 3
CH, ^ CH,
3 ^ 0 = 0 =  <  3 0.00739 1 8
H ^ Sn(0gH5 k
IVe
aAll values for kp are relative to the SE2 
reaction of IVe
Values of kp in parentheses are relative to 
the SE1 reaction of IVb
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to increase. More significantly however, it can be seen 
that the rate for the SE2 reaction is retarded to a greater 
extent than the SE* reaction. Comparison of IVd and IVe 
shows that the triethyl tin derivative reacts 1 2 0 times 
faster than the triphenyltin derivative in the SE2 re­
action, and 30 times as fast as the SE2* reaction.
Comparison of the relative rates of IV a-c shows 
that substitution in the allene skeleton of a phenyl for a 
methyl group decreases the rates of both the SE2 and SEf 
reactions. This is undoubtedly due again to the electron 
withdrawing character of the phenyl group. Withdrawal 
of electrons from the allene skeleton decreases the elec­
tron densities at the sites for electrophillc attack.
The most difficult aspect of the relative rate 
data to rationalize concerns the apparent ability of the 
phenyl group to direct attack of the electrophile to the end of 
the allene skeleton at which the phenyl group is attached. 
In other words the rates of the SE* reaction for IVa and 
SE2 reaction for IVb are decreased to a lesser extent than 
the companion process for each compound. On the basis of 
electronic effects the opposite situation would be ex­
pected, with greatest delocalization of electrons taking 
place at the carbon attached to the phenyl group. One 
possible rationalization is offered below.
This possibility concerns the steric bulk of the 
groups at each end of allene skeleton.
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For attack at of IVa, proximate attack, the electro- 
phile must pass a phenyl group or a hydrogen whereas for 
proximate attack of IVb the electrophile must pass a 
methyl group or a hydrogen. It can be easily surmised 
that the second situation would be the most favorable. 
Conversely for attack at C^ of IVa, remote attack, the 
electrophile must pass a methyl group and a trimethyltin 
group while in IVb the electrophile must pass a phenyl 
group and a trimethyltin group. Here the former situation 
would be the most favorable. Combining these two cases 
then one would expect predominant remote attack in IVa and 
proximate attack in IVb.
very strong. At the present time It is not possible to 
completely assess the experimental fact that the deacti~ 
vating effect of the phenyl group Is felt to a greater 
extent at the opposite end of the allene skeleton. Thus 
substitution of a phenyl group for a methyl group on a 
remote carbon of IVc gives IVa. The rate of remote attack 
is retarded by a factor of 1 2 /3 . 6  while the rate of proxi­
mate attack is retarded by a factor of 16/2.4. Also
This argument on steric grounds is admittedly not
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substitution of a phenyl group for a methyl group on the 
proximate carbon of IVc gives IVb. The rate of remote 
attack is retarded by a factor of 1 2 /l while the rate of 
proximate attack is retarded by a factor of only 16/5.7®
D. Reaction of Allenvltlns with Other Electronhlles
An exploratory study was made into the reaction of 
penta-2,3-dien-2-yltrimethyltin (IVc) with other electro- 
philes, these being, 2 ,4-dinitrobenzenesulfenyl chloride, 
chlorine and bromine. The purpose of these experiments 
was to determine the effect of the nature of the electro­
phile on the position of attack on the allene skeleton. In 
each case the reaction proceeded with an electrophilic dis­
placement of the trimethyltin group.
The reaction of 2,4-dinitrobenzenesulfenyl chloride 
with IVc In methylene chloride, gave only 2-( 2 ,4-dinitro- 
phenylthio) -3 - pentyne, the product of SE* attack. The 
yield of isolated product was 69%. There was no evidence 
in the Infrared spectrum or the n.ra.r. spectrum for the 
presence of 2-( 2,4-dinitrophenylthio)-2,3-pentadiene. This 
Isomer would have arisen from an SS mechanism.
In the reactions of IVc with both chlorine and 
bromine, the identification of the products and the per­
centage yields were determined by n.m.r. spectroscopy. A
22modification of the method of Barcza for the determina­
tion .of molecular weights by n.m.r. was used. This method 
involves a comparison between the integrated area of a
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known peak in the compound of interest and the area of a 
known peak of an added reference compound* In this work 
the reference used was the methyl group of toluene* This 
peak appears relatively close to the methyl absorptions of 
the products as well as the methyl resonance of trimethyl­
tin chloride* The reactions were run in both carbon tetra« 
chloride and methylene chloride solvents.
In a typical reaction a sample of the product mix­
ture was carefully weighed into an n.m.r. tube. Then an 
appropriate amount of toluene was weighed into the tube, 
the spectrum run, and the region above 7.5 X. integrated. 
The weight of organic product and the tin products were 
then calculated from equation (1 7 ),
W. I Mn
W = Ia Ms n (17>
where
W = weight of product in solution in the n.m.r. tube.
Ws = weight of toluene.
I = intensity of the methyl absorptions in the product. 
I = Intensity of the methyl absorption of toluene.
M = molecular weight of the product.
M = molecular weight of toluene (9 2 .1 ).9
n = number of protons in the methyl absorptions of the 
product (6 ).
n = number of protons in the methyl absorption of
3
toluene ( 3 ).
This calculation then gives the weight and the percentage 
weight of product In the sample in the n.m.r. tube. From
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this the total weight of product in the reaction mixture 
can be determined and therefore the percentage yield of 
product.
The reaction of IVc with bromine in methylene 
chloride and the reactions of IVc with chlorine in both 
methylene chloride and carbon tetrachloride gave only 
products arising from SE* attack. Thus 2-bromo-3-pentyne 
was the product of the former reaction while 2 -chloro--3 - 
pentyne was the product of the latter reactions. The 
corresponding trimethyltin halide was observed in each 
case. In Table VI Is listed the yield of products in 
each reaction.
Table VI
Reaction of IVc with Other Electrophiles
CH.,-CH-C^ C-CH, % Yield of
I t
Electrophile Solvent x CH^)^SnX
B r 2 CH2 0 1 2 92 109
C 1 2 c c i4 53 ----
c i 2 CH2 C12 58 76
Cl2 CH2 C12
7 5 a 
79




to check precision of
The low yield of propargylic halide product is 
probably due to loss of sample when the solvent was removed 
by distillation.
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It was interesting to note that when the bromine 
cleavage reaction was carried out in carbon tetrachloride, 
both 2 -bromo-3-pentyne and 2 -bromo-2 ,3-pentadiene were ob­
served as products in the ratio of about 4/1 . However when 
a mixture of 2-bromo-3-pentyne and trimethyltin bromide 
was stirred in carbon tetrachloride and the solvent re­
moved by distillation, isomerization of 2-bromo-3-Peutyne 
to 2-bromo-2,3“Peutadiene took place. The equilibrium 
mixture was also about 4/1 in favor of the bromopentyne. 
Thus it may be surmised that this reaction also went by a 
SE’ mechanism with subsequent equilibration to give the 
isomeric products.
E. Reaction of Allenyltins with Organolithium Compounds
When penta-2 , 3“dien-2-yltriphenyltin, I'Ve, was 
allowed to react with a solution of phenyllithium in ben­
zene, the expected transmetalation reaction took place 
yielding tetraphenyltin and, after carbonation, a mixture 
of 2-methyl-2 ,3~pentadienoic acid and 2-methyl-3-pentynoic 
acid. The ratio of the two isomers was about 8 5 / 1 5  
respectively as determined by integration of the corre­
sponding methyl doublets in the n.m.r. spectrum of the 
product mixture.
The ratio of acidic products which arise from the 
carbonation of the intermediate lithium reagent is sub­
stantially different from the ratio of these same acids 
obtained by carbonation of the corresponding Grignard
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reagent. In this case the ratio of 2 -methyl-2,3 -penta- 
dienoic acid to 2 -methyl-3 -pentynoic acid was 60/40. Since 
the nature of the metal might be expected to have an effect 
on the structure of the intermediate, this difference in 
ratios is not surprising.
2 ,3 -Pentadlene was also prepared by the reaction of 
penta-2 ,3 -dien-2 -yltrimethyltin with butylllthium in 
n-hexane followed by hydrolysis with a saturated aqueous 
ammonium chloride solution. The product was difficult to 
purify due to the large volume of hexane present. Butyl- 
trim ethyl tin was identified as the other product of the 
transmetalation reaction. The identification was made by 
comparison of the infrared spectrum with that of a known 
sample of butyltrimethyltin.
F . Attempted Preparation of Other Allenvlorganometallics
Attempts were made to extend the range of this work 
to the preparation of other allenylorganometallics. These 
were a halomercury derivative, a silane and a boronic acid. 
All attempts failed in the terms of isolation of a pure 
product, although there was evidence that in many cases 
the desired products were formed but underwent decomposi­
tion during the purification steps.
The reactions of the Grignard reagent of 2-bromo“3” 
pentyne with mercuric chloride and mercuric bromide both 
gave crude products which contained mercury and showed an 
absorption in the infrared spectrum corresponding to an
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allene stretching frequency. All attempts to purify these 
compounds by recrystallization and chromatography led to 
decomposition as evidenced by a decrease in intensity of 
the allene peak.
As an alternate route to a halomercury derivative, 
the electrophllic displacement of the trimethyltin group 
by mercuric bromide was attempted. This reaction was 
carried out by two procedures. In the first, an ether 
solution of penta-2 ,3 ~dien-2 -yltrimethyltin was added to 
a slurry of mercuric bromide in ether. The second re-
23
action was carried out by the method of Seyferth, in 
which the mercuric bromide was extracted by ether from a 
Soxhlet cup into a solution of penta-2,3-dien-2~yltri­
methyltin. These reactions also showed the presence of 
penta-2,3-*dien-2-ylbromomercury In the crude mixture but 
purification proved unsuccessful.
The reaction of the Grignard reagent of 2-bromo-3“ 
pentyne with trimethylchlorosilane resulted in a crude re­
action mixture which showed very weak absorption in the 
infrared spectrum at 2220 and 194-5 cm”°^„ These peaks 
disappeared when the crude mixture was allowed to stand. 
Analysis of the crude mixture by g.l.c. showed that a 
single component constituted about 9 0 ^ of the mixture.
The n.m.r. spectrum of this component showed two methyl 
doublets at 8.90 X and 8 .3 3 't' , a multiplet centered at 
8 . 5 6  X and a singlet at 10.03^ . Elemental analysis of 
this material checked for (CgH^gSi^ ( vide infra) .
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On the basis of the above data three structures 
are possibles
c r ™ 3



















All three structures would analyze for CgH^gSi, None have 
vinyl hydrogens as was ruled out by the n.m.r. spectrum. 
The cyclobutane ring systems of Xa and Xb exhibit ab­
sorptions in the infrared spectrum in the ranges 9 2 0 - 8 6 0
—1 —1cm or 1000-960 cm . In the spectrum there are peaks
in these ranges. There are no definitive peaks in the 
range 1 6 0 0 - 1 7 0 0  cm” ,^ where a carbon-carbon double should 
absorb. However the absorption of a tetrasubstituted 
double bond would be expected to be very weak. On the 
basis of volatility (b.p. 48-52°, 20 mm.) structure Xc
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would seem unlikely. The dimerization of allenes to form
2 R
cyolobutanes has been observed in other cases.
Finally, when the Grignard reagent of 2“bromo~3” 
pentyne was allowed to react with triraethylborate, and the 
ester hydrolyzed, the crude mixture showed infrared peaks 
at 2250 cm""1 and 1930""1 . These products, if they were 
corresponding allenylboronic acid and propargylboronlc 
acid, were too unstable to be isolated. Among other 
things, the crude product mixture was very sensitive to 
air.
G. Proton Magnetic Resonance Spectra of Some Allene and 
Isomeric Acetylene Derivatives
In the course of this work we have had occasion to 
obtain the n.m.r. spectra of a number of allene deriva­
tives, along with some of the isomeric acetylene deriva­
tives. In view of the scarcity in the literature of 
n.m.r. data on substituted allenes, these data are in­
cluded in this thesis.
In Table Till are listed the chemical shifts and 
coupling constants of allenes and isomeric acetylenes. The 
chemical shifts are given in T units relative to tetra- 
methylsilane as internal standard.^ The coupling con­
stants were determined empirically from the observed 
splitting patterns. No attempt has been made to determine 
the sign of the coupling constants. It has, however, been 
shown that the sign of the coupling constant for two
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protons bonded to the allenlc skeleton, and at opposite 
ends of the three carbon chain, is negative; and that the 
coupling constant between a proton bonded to the allenic 
skeleton and the protons of an alkyl side chain is posi­
tive e2^ The magnitude of the coupling constants are in 
line with those reported previously for allenlc 




Coupling Constants for 0 = C = C .
J1 2 6 .5-7.7 cps
Jl 4  2 .1-3.5 cps
J24 5.8-7.2 cps
A major point of interest from the data in Table 
VIII is the relative magnitude of coupling through the 
allene and acetylene skeletons. The differences can be
seen by a comparison of the value of the ratio
compounds 3 “* 10 with compounds 18 — 22. This ratio falls
in the range of 2 . 2  to 2 . 5  c.p.s. for the allene deriva­
tives and 2 .8 -3 . 1  c.p.s. for the acetylene derivatives.
The increase in seems ‘to be due exclusively
to decrease in the long range coupling constant, JBC > 
through the acetylene skeleton relative to the allene 
skeleton. One might expect the opposite effect since the
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acetylene skeleton contains only one <r bond while the 
allene skeleton contains two.
One possible explanation for this observation can 
be seen from a consideration of the valence bond struc­























The vinyl acetylene, structure Xlb, would be ex­
pected to make a greater contribution to the overall 
structure of XI then would the cumulene, structure Xllb, 
to the overall structure of XII. Therefore the long range 
coupling constant would be proportionately smaller in the 
acetylenlc compound.
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aChemical shift values are in tT units relative to TMS. All compounds 
were run neat except 1 5 and 2 2 which were run as solutions in carbon 
tetrachloride.




All melting points and boiling points reported in
this section are uncorrected. The infrared spectra were
obtained on either a Perkin-Elmer Model 21 or a Model 337
spectrophotometer. The ultraviolet spectra were obtained
on a Bausch and Lomb Spectronic 505 ultraviolet and visible
spectrophotometer and the kinetic runs were made using a
Beckman D.U. spectrophotometer. The n.m.r. spectra were
obtained on a Varian Associates A-60 high resolution
29nuclear magnetic resonance spectrometer. All analytical 
g.l.c. work was done on an F and M Model 300 gas chromato­
graph and all preparative g.l.c. work was done on an 
Aerograph Model 700 gas chromatograph. The microanalyses 
were performed by Galbraith Laboratories, Knoxville, 
Tennessee.
A. Precursors of Allenvltins
1 . 3 -Pentyn-2-ol was prepared by the method of 
Smith and Swenson.^ The yield was 56^, b.p. 58-62° 
(20mm.), nD2 5 1.4452 (lit., 1.4467, 3 0 1.447231).
2. 1-Phenyl-2-butvn-1 -ol was prepared a number of
"52times by the method of Braude and Coles. The maximum 
yield was 8 3%, b.p. 94-96° (0 . 6  mm.). [lit. , " 52 b.p. 110°
( 0.8 mm.) ] .
3 . l-Phenyl-l-butyn-5-ol was prepared by the
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method of Pittman and Olah.-^ The yield was 53$, b.p. 
1 0 6 -1 0 8 ° (1 mm.) [lit. , 5 b.p. 8 9 -9 2 ° (3mm.)].
4. , 5, 2-Chloro-2 .7-Pentadiene and 2-chloro-3- 
pentyne were prepared as a mixture from the reaction of 
thionyl chloride with 3-pentyn-2-ol. To 175 ml. of 
anhydrous ether in a 5 0 0  ml. flask, fitted with a reflux 
condenser, dropping funnel and mechanical stirrer, was 
added 20 g. (0.24 mole) of 3-pentynr2-ol and 1 5 g.
(0.11 mole) of potassium carbonate. The system was 
flushed with argon and the mixture heated to reflux.
Then 64.5 g. (0.50 mole) of thionyl chloride in 50 ml. of 
anhydrous ether was added dropwise over a period of one 
hour. The mixture was allowed to reflux for an additional 
three hours with stirring. During this time sulfur 
dioxide and hydrogen chloride were liberated at the top 
of the condenser.
The reaction mixture was hydrolyzed by adding 
slowly 100 ml. of water. The ether layer was separated, 
washed with five 5 0 ml. portions of 5$ aqueous sodium 
bicarbonate and then with two, 2 5  ml. portions of water. 
The ether solution was dried over magnesium sulfate and 
ether removed by distillation at atmospheric pressure 
leaving an amber oil which was distilled under reduced 
pressure. A total of 7.6 g. (31$) of a mixture of 
chloroallene and chloroacetylene was obtained boiling at 
2 9 -3 1 0 ( 1 9  mm.). Gas chromatography (silicone oil on 
celite column) showed that the mixture contained equal
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amounts of the two isomers.
This mixture was separated by preparative g.l.c. 
on a 20 ft., XF-1150 on Ghromosorb P (6 0 - 8 0  mesh) column 
and analyzed separately. N.M.R, (neat^TT values; 2 - 
chi or o-2,3-pentadiene ; 8.27 doublet (GH^), J =7.3 
c.p.s.; 7.93 doublet (GH^), J = 3.1 c.p.s.; 4.57 multiplet 
(= CH.) . 2-Chloro-3~pentynes 8.33 doublet (CH^), J = 6.9 
c.p.s.; 8.18 doublet (CH^)S J = 2.3 c.p.s.; 5.37 multi­
plet (-CH-CS ).
Anal; 2“Chloro“2 ,3-pentadiene2 Calcd. for G^H^Cls
0, 58.54; H, 6 .8 8 ; Cl, 34.56. Found; 0,58.32; H, 6 .8 5 ;
01, 34.31. 2-Chloro-3-pentynes Oalcd. for C^H^Cl;
C, 58.54; H, 6 .8 8 ; Cl, 34.56. Found; C, 5 8 .2 9 ; H, 6.99; 
Cl, 34.51.
6 . 2-Bromo-»5-pentyne was prepared a number of
30times by the method of Smith and Swenson. The maximum 
yield was 65%, b.p. 3 3 -3 6 ° ( 1 0  mm.) [lit. , 3 0 b.p.
41-44° ( 20 mm.,)] .
7 . l-Chloro-l-phejiyl-2 -butyne was prepared by the 
reaction of l-phenyl-2 -butyn-l-ol with thionyl chloride.
A solution of 20.0 g. (0.137 mole) of l-phenyl-2-butyn-l-ol 
in 50 ml. of dry ether and a solution of 3 3 . 3  g. (0 . 2 8 0  
mole) of thionyl chloride in 50 ml. of dry ether were added 
simultaneously, dropwise, to 1 5 0  ml. of re fluxing ether 
containing 27.6 g. (0.20 mole) of potassium carbonate. The 
addition was carried out over a period of 1 l/ 2  hrs. with 
stirring (magnetic). The reaction mixture was allowed to
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reflux for an additional 5 l/2 hrs., then filtered, washed 
five times with 50 ml® portions of 5% aqueous solium car­
bonate solution, and then once with 50 ml® of water. The 
ether solution was separated, dried over magnesium sulfate, 
and the ether removed on a rotary evaporator leaving a red- 
brown oil. Distillation of the crude product yielded
13.2 g. {59%) of l-chloro-l-phenyl-2-butyne, b.p. 81-82° 
(0.5 mmjJ, n|p 1.5793. Infrared maximum (neat) at 2240 
cm.~^ N.M.R. (neat), T  values; 8.28 doublet (GH^), J =
2.4 c.p.s®; 4.22 quartet (-CH-C= ), J = 2.4 c.p.s.
Anal; Calcd. for C-^HgCls C, 72.95; H, 5.51; Cl, 21.54. 
Found; C, 72.91; H, 5.54; Cl, 21.39.
An attempt was made to prepare the corresponding 
bromide from the reaction of 3-pentyn-2-ol and phosphorous 
tribromide. The reaction probably took place but the pro­
duct was too unstable to be distilled.
8. 3-Chloro-l-nhenvl-l-butvne was prepared by the 
reaction of l-phenyl-l-butyn-3-ol with thionyl chloride. A 
solution of 20.0 g. ( 0.137 mole) of l-phenyl-l-butyne-3-ol 
in 2 5  ml. of anhydrous ether and a solution of 23.8 g. 
(0.200 mole) of thionyl chloride in 2 5  ml. of anhydrous 
ether were added simultaneously, dropwise, to 250 ml. of 
refluxing ether containing 20.7 g. (0.150 mole) of 
potassium carbonate. After the addition, the reaction 
mixture was allowed to reflux for 1 l/2 hrs., filtered, and 
the filtrate washed with 50 ml. of water, five 50 ml. 
portions of 5% aqueous sodium bicarbonate solution and
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finally with 50 ml. of water. The ether solution was
dried over magnesium sulfate and the ether removed on a
rotary evaporator. The resulting oil was distilled under
reduced pressure yielding 13.1 g. (58$) of 3-chloro-l-
PA
phenyl~1-butyne, b,p, 75-76,5° (0,25 mm.), n-g 1 ,5 6 8 5 , 
Infrared maximum (neat) at 2245 cm,”'1' N.M.R. (neat),
X, values: 8,27 doublet (CH^), J = 7,1 c.p.s,; 5.19
quartet (-CH-C- ), J =7.1 c.p.s.
Anal: Calcd. for G10H9C1s C, 72.95? H, 5.51? 01, 21.54. 
Found: C, 73.09? H, 5.60? Cl, 2 1 .2 9 .
9., 10. Trimethvltin chloride and Trlohenvltin 
chloride were obtained from M and T Chemicals, Inc. The 
former was used without further purification while the 
latter was recrystillized from petroleum ether; m.p. 
104-105° (lit.,34 m.p. 105.5-10/).
11, Trlethyltin chloride was prepared by the 
method of Kocheshkov.33 The yield was 90$, b.p. 90-91.5° 
(13 mm.) [lit.,35 b.p. 94° (13 mm.)].
12, Tetraoyclohexyltin was prepared by a modifi- 
cation of the procedure of G-ruttner. To 15.4 g, (0.630 
mole) of magnesium in 5Q0 ml. of dry ether was added 7 5  
g. (0.630 mole) of chlorocyclohexane. The addition was 
carried out over a period of 3 l/2 hrs. at room temperature 
and with stirring. To this solution, cooled in an ice 
bath, was then added 42.0 g. (0.160 mole) of tin (IV) 
chloride over a period of 1 l/2 hrs. The reaction mixture 
was allowed to stir overnight, after which 100 ml. of water
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was added. The aqueous solution of magnesium salts was 
separated and the ether washed with 100 ml. of 10$ aqueous 
hydrochloric acid. The ether was removed on a rotary 
evaporator leaving a white solid which was dissolved In 
about 450 ml. of hot benzene. On cooling 35 »1 g. of 
tetraoyclohexyltin precipitated, m.p. 243-245°. After 
filtration, the mother liquor was concentrated to about 
200 ml., and on cooling a second crop of tetracyclo- 
hexyltln was obtained, weighing 10.5 go, m.p. 246-247.5°. 
Again the mother liquor was concentrated to about 100 ml. 
and a third crop of product was obtained weighing 2.5 g., 
m.p. 2 5 0 -2 5 4 °, The total yield was 48.1 g. (67$) (lit.,38 
m.p. 248°).
13. Tetraisoproov11in was prepared by the method 
of van der Kirk and Luijten.37 The yield was 5^$, b.p.
93o5-96° (7 mm.) [lit.,37 b.p. 103-104° (10 mm.)].
14. Tricvclohexvltln bromide was prepared by the 
method of Krause and Pohland,38 The yield was 76$, m.p. 
71.5-74° (lit.38 m.p. 77°).
15. Triisonrobvltin bromide was prepared by the 
method of van der Kirk and Luijten.37 The yield was 8 7 $,
b.p. 115-117° (12 mm.) [Lit.37 b.p. 112-113.5° (12 ram.)].
B. Allenvltins
The allenyltln cQmpounds were prepared by three 
different methods in the course of this research.
Method Is This technique involved the use of a
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cyclic reactor^ for the preparation of an aLlenylic Grignard 
reagent, which was then allowed to react with the appro- 
priate trialkyl- or triaryltin halide. A sketch of the 
apparatus is found in Figure VIII.
In a typical reaction, 5 g. of dry mercuric 
chloride was dissolved in 100 ml. of anhydrous ether. To 
this solution was added 2 5  go of magnesium turnings and 
the mixture allowed to stir overnight. Prior to use in 
the cyclic reactor, the mixture was shaken vigorously with 
about fifteen portions of anhydrous ether. This removed 
the coating of magnesium chloride on the surface of the 
metal. When the surface attained a dull grey color it was 
deemed ready for use. This amalgamated magnesium is 
active enough to liberate hydrogen from cold water.
The cyclic reactor tube was charged with the 
amalgamated magnesium prepared above. The reaction was 
primed by addition of a few magnesium turnings on which a 
G-rlgnard reaction had already been started using ethyl 
iodide. Following this a solution of lg. of ethyl 
iodide and one small crystal of Iodine in 10 ml. of 
anhydrous ether was passed through the reactor tube.
Then an ether solution of the propargylic halide 
was passed through the reactor tube at a rate of about
0.003 moles of halide per hour. The accumulated Grignard 
reagent in the boil-up flash was then allowed to react with 
a stoichiometric amount of tin halide, the reaction mixture 
filtered and the crude product isolated by removal of the











250 ml. liquid-liquid 
extraction apparatus
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ether on a rotary evaporator.
Method II: This technique involved a modification of
the method of Kraus and Greer2*-0 for the preparation of a tri- 
alkyltin sodium. Approximately 250 ml. of liquid ammonia was 
condensed in a reaction flask* cooled in a dry ice-aeetone 
hath. To this 0.1 mole of trialkyl tin halide was added and’ 
then, with high speed stirring, small pieces of sodium metal 
were added until the blue color, indicating an excess of 
sodium, persisted for about 20 min. A small amount of the 
tin halide was then added, turning the color of the reaction 
mixture back to yellow. An ether solution of the stoichio­
metric amount of the appropriate propargylic halide was then 
added dropwise over a period of 1 hr., followed by an 
additional 100 ml. of dry ether. The reaction mixture was 
allowed to warm up to room temperature during which time 
the ammonia evaporated. The reaction mixture was filtered 
and the solid residue washed well with ether. The ether 
solution was washed with 100 ml. of water to remove any un­
reacted tin halide, then dried over magnesium sulfate and 
the crude product isolated by removal of the ether on a 
rotary evaporator.
Method III: This technique involved preparation
of the allenyltin compounds by a conventional Grignard 
reaction, followed by reaction of the Grignard reagent with 
a trialkyltin halide. However the magnesium2*-* used was 
triply sublimed to remove impurities, such as copper, which 
catalyze coupling reactions between the Grignard reagent 
and unreacted propargylic halide.
1. Penta-2.5-dien-2 -yltrimethyltin was prepared a
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number of times from 2-bromo-3-pentyne by Method I. The 
highest yield obtained was 59%, b.p. 46-47*5° ( 1 5  min.), 
n-p^ 1.4999 * Infrared maxima (neat) at 1950 and 770 
cm.”1. Ultraviolet X “®Jhano1 206 (G 10,000).
UJciX
N.M.R. (neat), 'f values: 8.43 doublet (CH^), J = 7.0
c.p.s.: 8 . 2 3  doublet (CH^), J = 3.0 c.p.s.; 5.42
multiplet (= CH).
Anal: Calcd. for CgH^gSn: C, 41.62; H, 6.99.
Found: C, 41.82; H, 6 .9 8 .
This compound was also prepared a number of times 
by Method II but the yields did not exceed 2 5 $.
2 . Penta-2 . 5-dien-2-.vltrieth.yltin was prepared 
from 2-bromo-3-pentyne by Method I. No yield was calcu­
lated since the crude product was purified by preparative 
g.l.c. on a 20 ft. XF - 1150 on Chromosorb P (6 0 - 8 0  mesh)
p  f.
column. 1.5058. Infrared maxima (neat) at 1945
cm."1 . Ultraviolet A  “S^liano1 2 0 6  ^  ( € 20,000). N.M.R.
IP
(neat), X values: 8.48 doublet (CH^), J = 7.1 c.p.s.;
8.28 doublet (CH^), J = 3.1 c.p.s.; 5.52 multiplet (=CH).
Anal 1 Calcd. for C2.1^22^ns  ^ 8.12.
Found: C, 48.53; H, 8.18.
3. Penta-2.3-dien-2-yltriphenyltln was prepared
from 2-bromo-3~pentyne by Method I. The crude yield was
71$, m.p. 34°C. Two recrystallizations from absolute
methanol gave a product m.p. 47-48°C. Infrared maximum
(neat) T940 cm."1 . Ultraviolet A “®3hanC>1 207mu(C 48,000)
in 0/VC '
N.M.R. (50^ in carbon tetrachloride, H  values: 8.47
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doublet (CH^), J = 7.2 c.p.s.; 8.01 doublet (CH^), J = 3.0
c.p.s.; 5.27 multiplet (=CH).
Anal; Calcd. for Cg-^HggSns C, 66.23; H, 5.32.
Pound? C, 65.99; H, 5.18
4. Penta-2.3-dien~2-vltricvclohexvltin was pre­
pared from 2-bromo-3-pentyne by Method I. The yield was 
60%, b.p. 167-170° . (0.2 mm.) Infrared maximum at 1:945
cm.”1 N.M.R. (neat), X  values; 7.87-8.98 broad mul­
tiplet (CH^ groups and cyclohexyl protons); 5.54 multiplet 
(=CH).
Anal : Calcd. for Cg^H^Sn; C, 63.46; H, 9.26.
Pound: C, 61.42; H, 8 .8 3 .
All attempts to prepare this compound by Method II 
resulted in the formation of hexacyclohexylditin, m.p.
> 300°C. (lit.,9 m.p. > 300°C).
Anal: Calcd. for C-^HggSn2 : C, 58.72; H, 9.04.
Found: C, 59.00; H, 8.88.
All attempts to prepare penta-2.3-dlen-2-yltrl- 
1sopropvltin by Methods I and II were unsuccessful.
5. 1-Phenvlbuta-l.2-dien-l-yltrimethyltin was 
prepared by Method III. A few drops of 3-°hloro-l-phenyl-
1-butyne were added along with a crystal of iodine to
120.735 g. (0.0300 g-atom) of triply sublimed magnesium 
in 10 ml. of anhydrous ether. The mixture was heated to 
reflux until there was evidence that Grignard formation was 
taking place. Then 90 ml. of anhydrous ether was added and 
the remainder of 4.70 g. (0.0280 mole) of 3~ch.loro-l-phenyl-
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1-butyne in 20 ml. of anhydrous ether was added dropwise 
with high speed stirring. The addition was carried out at 
room temperature and under an atmosphere of argon. Follow­
ing the addition the reaction mixture was allowed to stir 
for two hours and then a solution of 5.70 g, (0.0286 
mole) of trimethyltin chloride in 25 ml. of anhydrous 
ether was added. The reaction mixture was allowed to stir 
overnight, filtered, and the filtrate washed with two 50 
ml. portions of water. The ether layer was dried over 
magnesium sulfate and the ether removed on a rotary 
evaporator. The resulting oil was distilled under reduced 
pressure yielding 5.54 g. (66%) of 1-phenylhuta-2,3-dien-l~ 
yltrim ethyl tin, b.p. 101-103°0. (0.25 mm.).
The product was further purified by preparative 
g.l.c. (10ft.Carbowax 20M on Chromosorb W). n-Q25.5 1.5741. 
Infrared maxima (neat) at 1920 and 770 cm."1. Ultraviolet 
> m!xhan01 206 32,000) 251 (13,000 ). N.M.R. (neat),
X  values: 9.95 singlet [Sn(CH^)-^]; 8.59 doublet (OH-j),
J = 7.2 c.p.s.; 5.26 quartet (=CH), J = 7.2 c.p.s.; 2.8--
3.3 multiplet (ArH).
Anal: Oalcd. for O^H^Sn: 0, 53*29; H, 6.19; Sn, 40.52.
Found: 0, 54.94; H, 6.37; Sn, 39.79.
6. 4-Phenyl but a-2.3-dien-2-yltrimethyltin was pre­
pared by Method III. A solution of 8.00 g. (0.0437 mole) 
of 1-chloro-1-phenyl-2-butyne in 50 ml. of anhydrous ether
was added dropwise over a period of twelve hours to 3.66 g.
1 P(0.150 g. atom) of triply sublimed magnesium in 250 ml.
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of anhydrous ether. The addition was carried out under an 
atmosphere of argon and with high speed stirring. Then a 
solution of 9.7 g. (0.0487 mole) of trimethyltin chloride 
in 30 ml. of anhydrous ether was added and the reaction 
mixture allowed to stir overnight. The reaction mixture 
was filtered quickly on a Buchner funnel, the filtrate 
washed with two 50 ml. portions of water, and the ether 
solution dried over magnesium sulfate. The ether was re­
moved on a rotary evaporator leaving 6.6 g. of crude 
product which was chromatographed on at 6 0  x 2 cm. column 
packed with Fluorosil. The column was eluted with dry 
hexane, the product being the first fraction to come off 
the column. The hexane was removed on a rotary evaporator
and the product immediately sealed in ampoules under 
Pvacuum, n^ 1.5813. Infrared maxima (neat) at 1920 and 
770 cm.”1 . Ultraviolet A “®*hanol 207 (6 21,000)
QjdJw
260 (8,600). N.M.R. (neat), X values; 10.14 singlet 
[Sn(CH^)^]j 8.39 doublet (GH^), J = 3.1 c.p.s.; 4.51 
quartet (=CH), J = 3-1 c.p.s.; 2.9-3.1 multiplet (ArH). 
Anal; Calcd. for C^H^QSn: C, 53.29; H, 6.19; Sn, 40.52.
Found; C, 57.50; H, 5.95; Sn, 39.74.
C.9.. Kinetic Procedure
1. Cleaning of glassware
All volumetric flasks and reaction flasks were
filled with conc. nitric acid and allowed to stand at least
overnight. Likewise pipettes were placed in a conc. nitric
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acid bath for at least 24 hours. Then all glassware was 
rinsed ten times with distilled water, three times with 
methanol, and allowed to dry in an oven at 110°. The 
volumetric flasks and reaction flasks were stoppered im­
mediately on removal from the oven.
2. Kinetic runs
The solutions of allenyltin substrate, hydro­
chloric acid, and methanol solvent were made up in volu­
metric flasks and allowed to equilibrate in the constant 
temperature bath before being brought up to the mark. The 
pipettes used in transferring solutions were allowed to 
drain twice before being filled to the mark.
In a typical run, the reactants were all pipetted 
into a 50 ml. Erlenmeyer flask fitted with a ground glass 
stopper and containing a concentric cylinder sealed to the 
bottom. Thus 5 Ml. of hydrochloric acid solution and 10 
ml. of aqueous methanol, containing enough water so that 
the final concentration of water, after mixing all solu­
tions, was 4% by volume, were pipetted into the outer 
compartment. Then 5 ml. of allenyltin solution was 
pipetted into the inner compartment. The solutions were 
allowed to equilibrate in the constant temperature bath and 
the reaction started by inverting the flask. The reaction 
mixture was quickly transferred to a cuvette and the de­
crease in optical density measured at 225 iO^A4- for compounds 
IV a-d and 235 ¥vV>c for IVe as a function of time on a 
Beckman D.U. spectrophotometer. At least ten points were
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taken in each reaction. The reference solution was 
me thanol.
For each substrate two runs were allowed to proceed 
to beyond ten half-lives and an infinity reading taken. The 
average of these values was then used as the A a reading.
D. Reactions of Penta-2„5-dlen-2-yltrimethyltin with Other 
Slectrophiles
1. 2.4-Dintrobenzensulfenyl Chloride 
A solution of 0.905 g. (3.86 x 10~^ mole) of 2,4- 
dinitrobenzenesulfenyl chloride in 10 ml. of dry methylene 
chloride was added dropwise over a period of twenty minutes 
to a solution of 0.891 g. (3.86 x 10 ^ mole) of penta-2,3 - 
dien-2-yltrimethyltin in 10 ml. of dry methylene chloride. 
The addition was carried out at room temperature, under an 
atmosphere of argon and with magnetic stirring. The re­
action mixture was allowed to stir for one hour and then 
concentrated by distilling off 10 ml. of methylene 
chloride. On standing in the refrigerator, the reaction 
mixture deposited a small amount of a light yellow powdery 
solid. This product was removed by filtration and was 
shown to have a melting point above 2 8 5 °.
The filtrate, containing the product mixture, was 
washed twice with 10 ml. of water to remove the trimethyltin 
chloride, then dried over magnesium sulfate. The solvent 
was removed on a rotary evaporator leaving 0.708 g. (69$) 
of 2-( 2 ,4-dinitrophenylthio)-3-pentyne, m.p. 99-101°.
One recrystallization from absolute ethanol gave long
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yellow needles, m.p. 101.5-103°. Infrared maximum (7% in 
chloroform) at 2245 cm.”1 N.M.R. (20% in carbon tetra­
chloride), V  values; 8.29 doublet (CH^), J = 7.1 c.p.s.; 
8.16 doublet (CH^), J = 2.3  c.p.s.; 5.92 multiplet 
( -CH-C= ) .
Anal; Calcd. for g h H]_qN2^4Ss g > 4-9*61; h , 3.79; N, 10.52. 
Found; C, 49.59; H, 3.89; N, 10.71.
2, Chlorine
Chlorine gas was bubbled into a. stirred solution of
1.03 g. (4.46 x 10-3 mole) of penta-2,3-dlen-2-yltrimethyl- 
tin in 15 ml. of methylene chloride until the color of ex­
cess chlorine was evident. The reaction was carried out at 
0°C and under an atmosphere of argon. The reaction mixture 
was allowed to stir for 0.5 hours and then concentrated by 
distilling off 11 ml. of solvent. The N.M.R. spectrum of 
the product was identical with that of 2-chloro-3-pentyne. 
The yield of this product, determined by the method of 
Barcza,1^ was 75%. A second run under the same conditions 
gave a 79% yield of 2-chloro~3-pentyne. No detectable 
amount of 2-chloro-2 ,3-penta.diene was observed. The infra­
red spectrum showed a peak at 2250 cm.”1 but no peak in the 
allene region ( 1950 cm.”1).
3* Bromine
A solution of 0.707 g. (4.41 x 10 ^ mole) of bro­
mine in 5 ml. of methylene chloride was added dropwise to a 
stirred solution of 1.02 g. (4.41 x 10“^ mole) of penta-
2,3-dien-2-yltrimethyltin in 10 ml. of methylene chloride.
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The addition was carried out at 0°C. and under an atmosphere 
of argon. The color of bromine disappeared immediately.
The reaction mixture was allowed to stir for 0.5 hours, then 
concentrated by distilling off 11 ml. of solvent. The 
N.M.R. spectrum of the product was identical with that of
2-bromo~3-pentyne. The yield of this product, determined 
by the method of B a r c z a , w a s  92^. None of the isomeric
2-bromo-2,3-pentodiene was detected by N.M.R. Also the 
infrared spectrum did not show any absorption in the 
allene region ( ^  1950 cm. ).
E. Product Analysis,
In order to determine the products of the acid 
cleavage reactions two procedures were used. The first 
procedure was for the detection of 2-pentyne and 2,3- 
pentadiene, the hydrocarbon products from the acid 
cleavage of penta-2,3-dien-2-yltrimethyltin, penta-2,3- 
dien-2-yl-trlethyltin and penta-2,3-dien-2-yltriphenyltin. 
The second procedure was for the detection of 1-phenyl-l- 
butyne, l-phenyl-2-butyne and 1-pheny-l,2-butadiene, the 
hydrocarbon products from the acid cleavage of 1-phenyl-
'I
buta-1,2-dien-l-yltrimethyltin and 4-phenylbuta-2,3- 
die n-2-yltrimethyl tin.
Procedure I: The acid cleavage reaction was carried out in
a three necked flask fitted with a gas dispersion inlet 
tube and an exit at the top of a reflux condenser. The 
third neck was plugged. The exit tube led to a calcium 
chloride drying tower. The tin compound (approximately
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0.02 M„ ) and hydrochloric acid (approximately 0.1M. ) in 
methanol«=4$ water were heated to 45° • The volatile 
products were swept out of the reaction flask with argon, 
through the drying tower which removed any methanol, and 
collected in a trap immersed on a dry ice-acetone bath.
The collected products were then analyzed by g.l.c. (6 ft.,
29% dimethysulfolane on C-22 Firebrick, 30-60 mesh). The 
areas under the peaks were integrated with a hand planimeter.
Some fractionation of the two isomers was ob­
served when samples of known percentage composition were 
used. However, this problem was overcome by increasing the 
sweep time until at least 8 5 ^ of the product was collected. 
The time necessary to sweep about 0.15 g. from the re­
action mixture was about 12 hours.
The stability of 2-pentyne and 2,3-pentadiene 
towards isomerization under the reaction conditions was 
checked by preparing synthetic product mixtures and sub­
mitting them to the sweeping procedure.
Procedure II: The acid cleavage reactions were carried out
in a one-necked flask fitted with a reflux condenser. The 
tin compound (approximately 0.01 M.) and hydrochloric acid 
(approximately 0.1 M. ) in methanol-4^ water were heated 
for 1 hr. at 45°. Then an excess of solid potassium 
fluoride was added and most of the solvent removed by
distillation at atmospheric pressure. The residue in the
pot was extracted with two 5 ml. portions of pentane, the 
pentane solution dried over calcium chloride, and the
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solvent removed on a rotary evaporator. The resulting oil 
was analyzed by g.l.c. (8ft., 15^ XF-1150 on Chromosorb W, 
60-80 mesh). The areas under the peaks were integrated 
with a hand planimeter.
The stability of the products, 1-phenyl-l-butyne,
1-phenyl-2-butyne and 1-phenyl-1,2-butadiene, towards 
isomerization under the reaction conditions was checked by 
preparing synthetic product mixtures and submitting them to 
the potassium fluoride and distillation procedure.
F . Miscellaneous Reactions and Preparations
1. Attempted Preparation of an Allenvlmercury 
Compound
The cyclic reactor was charged and primed in the 
usual manner. A solution of 9.3 6* (0.063 mole) of 2-bromo-
3-pentyne in 50 ml. of anhydrous ether was passed through 
the reactor over a period of twelve hours. As the Grignard 
reagent was formed it ran back into the ether solution in 
the boil-up flask which contained 17.2 g. (0.063 mole) of 
dissolved mercuric chloride. After the completion of the 
reaction, the ether solution was filtered to remove the 
precipitated magnesium salts and then the ether removed 
on a rotary evaporator.
Recrystallization of the crude product from ab­
solute ethanol did not produce a pure product as shown by 
the T.L.C. This material gave a qualitative test for 
mercury, bromine and chlorine. The infrared spectrum of 
the recrystallized material gave a faint hint of an allene
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stretching frequency at 194-5 cm.
When the crude product was chromatographed on 
alumina, oxidation took place as shown by the appearance 
of a ketone peak on the infrared spectrum.
When the crude product was extracted with pentane 
in a soxlet apparatus end the pentane removed, a solid was 
obtained. The infrared spectrum of this material did not 
show an allene peak. A similar extraction using benzene 
gave a product which decomposed at 97-100°. The infrared 
spectrum gave only a hint of an allene peak.
Finally when crude product was allowed to react 
with bromine in methanol, the odor of 2-bromo-3-pentyne 
was obtained. This is probably the best evidence that 
penta-2,3-dien~2-ylchloromercury was actually prepared but 
not isolated. The lack of solubility of the product in 
organic solvents hampered its identification and purifi­
cation.
The cyclic reactor was charged and primed in the 
usual manner. A solution 9,4 g. (0.064 mole) of 2-bromo-
3-pentyne in 50 ml. of anhydrous ether was added dropwise 
over a period of ten hours. As the Grignard reagent was 
formed it ran back into the boil-up flask which contained 
23.0 g. (0.064 mole) of mercuric bromide in solution. The 
ether solution containing the product of the reaction be­
tween the Grignard reagent and the mercuric bromide was 
washed twice with water, dried over magnesium sulfate, and 
the ether removed on a rotary evaporator. The yellow
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residue gave the following peaks in the infrared; 2 9 9 0 ,
2 9 4 0 , 2 9 1 0 , 2855, 1945, 1 4 5 0 , 1442, 1 3 8 0 , 1 3 7 0 , 1 1 8 0 ,
1125, 1070 and 975 cm.™1. This spectra indicates that 
this is the desired penta-2 ,3 -dien-2 -ylbromomercury.
Attempts to purify the crude product by recrys­
tallization from benzene led to decomposition ( or poly­
merization) and precipitation of mercuric oxide. Recrys­
tallization of the crude product from absolute ethanol led 
to a product with a considerably different infrared 
spectrum, indicating that some reaction took place during 
the recrystallization.
2. Attempted Preparation of an Allenvlsila.ne
A solution of 10.0 g. (0.068 mole) of 2-bromo-3~ 
pentyne in 7 5 ml. of dry ether was passed through the 
cyclic rea.ctor over a, period of 5 hrs. after which the 
reaction mixture was allowed to stir for an additional 
0.5 hr. Then a solution of 14.8 g. (0.136 mole) of tri- 
methylchlorosilane in 50 ml. of dry ether was added to 
the Grignard reagent over a period of 1 hr., followed by 
an additional period of stirring for 3 hrs. The reaction 
mixture was then filtered and the ether removed on a 
rotary evaporator leaving 3 . 7  g. of a yellow oil.
The I.R. spectrum of the oil showed very weak 
peaks at 2 2 2 0  and 1945 cm. ” 1 which disappeared from the 
product on standing. Analysis by g.l.c. (4 ft., 11% 
silicone nitrlle column and 4 ft., 20% apiezon column) 
showed that the product mixture was at least 90%> one
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component. A sample of this component was collected on 
the apiezon column and sent for analysis. The product 
evidently underwent some sort of polymerization.
Anal: Calcd. for CgH^Sis C, 68.48; H, 11.49; Si, 20.02. 
Found: G, 68.47,* H, 11.44; SI, 19.83.
2, Attempted Preparation of an Allenvlboronie Acid
A solution of 10.0 g. (o.0680 mole) of 2-bromo-3- 
pentyne in 50 ml. of dry ether was passed through the cyclic 
reactor over a period of 15 hrs. The reactor was then dis­
mantled and a solution of 14.3 g. (0.136 mole) of trimethyl 
borate in 50 ml. of dry ether was added to the Grignard 
reagent over a period of 1 hr. During the addition the 
reaction mixture became an intense yellow color which faded 
to white towards the end of the addition. The addition was 
carried out at room temperature and with stirring (mag­
netic ) .
The reaction mixture was allowed to stir overnight, 
filtered, and the filtrate shaken with 100 ml. of 2N hydro­
chloric acid. The ether solution was separated, dried over 
magnesium sulfate and the ether removed on a rotary evapo- 
rdtor, leaving a mixture of a yellow oil and crystals.
The infrared spectrum of the oil showed peaks in 
the allene and the acetylene region as well as an OH peak. 
The lack of purity of the product precluded the positive 
identification of peaks in the 1400 and 810 cm.  ^regions 
which are attributed to the B-0 bonds. The crude product 
decomposed on standing.
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In a second attempt, inverse addition of the 
G-rignard reagent to a solution of trimethylborate was em­
ployed. This reaction however was no more successful than 
the first.
4* Isomerization of 2-bromo-5-pentvne to 2-Bromo-
2.3-Pentadi ene
In a 15 ml. round bottom fla.sk equipped with a 
magnetic stirrer and a reflux condenser, was placed 6 . 9  g. 
(0.047 mole) of 2-bromo-3-Pentyne and 0.5 g. (0.0035 mole) 
of cuprous bromide. The mixture was stirred at room 
temperature for 2 . 5  hours', then distilled under reduced 
pressure through a 2 0  x 1 . 5  cm. column packed with glass 
helices. The distillation was carried out very slowly over 
a period of 3 hours, and yielded 4.1 g. (59%) of a mixture 
of the allene and acetylene. Analysis of the mixture by 
g.l.c. (4 ft., 5% silicone oil 200 on celite 545) showed 
that it contained 3 5 % 2 -bromo-2 ,3-pentadiene and 6 5 % 2 - 
bromo-3-Pentyne.
The 35/65 mixture of allene and acetylene, obtained 
in the previous experiment was again subjected to thermal 
isomerization without distillation. One gram of the mix­
ture was heated with 0 . 1  g. of cuprous bromide at 5 5 ° for
2.5 hours with magnetic stirring. The sample was fil­
tered on a sintered glass funnel and Its composition 
determined by gas chromatography. This analysis showed 
that the mixture was 1 1 % 2 -bromo-2 ,3 -pentadiene and 8 9 %
2 -bromo-3 -pentyne.
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Approximately the same ratio of isomeric bromides
was obtained when a mixture of 0.63 g. (0.0043 mole) of
2-bromo-3-pentyne and 1.05 go (0.0043 mole) of trimethyltin
14bromide, prepared by the method of Kraus and Sessions, in 
0.9 ml. of carbon tetrachloride was stirred for 2 hrs. at 
0°C and then allowed to stand overnight in the refrigerator. 
Most of the solvent was removed on a rotary evaporator and 
the residue analyzed by g.l.c. (4 ft., 5% silicone oil 200 
on Celite 545). The product mixture was found to be 17%
2-bromo-2,3-pentadiene and 8 3% 2-bromo-3-*pentyne „
5. Reaction of Allenyltln Compounds with Organo- 
lithlum Reagents followed bv Garbonation 
A solution of 4.0 g. (0.0173 mole) of penta-2,3 - 
dien-2 -yltrimethyltin in 5 0 ml. of anhydrous ether and 
1.11 g. (0.0173 mole) of butyllithium (Foote Chemical Co.) 
in 7 . 3  ml. of hexane was stirred for four hours after 
which the solution was cooled to -70° in a dry ice-acetone 
bath. A large excess of powdered dry ice was added and 
the reaction mixture was allowed to warm up to room 
temperature. Th.e reaction mixture was acidified by the 
addition of 2 0 ml. of 6 N. hydrochloric acid, the ether 
layer extracted with two 2 0  ml. portions of 5% aqueous 
sodium bicarbonate, and the combined extracts were 
saturated with sodium chloride and made acidic with con­
centrated hydrochloric acid. The aqueous solution was 
extracted with two 2 0 ml. portions of ether, the com­
bined extracts dried over magnesium sulfs.te, and the ether
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removed on a rotary evaporator. The resulting acidic 
product weighed 0.61 g. (3 1# of theory for the allenic 
acid). The infrared spectrum of this product was identical 
to that of the mixture of 2 -methyl-2 ,3 -pentadlenoic acid 
and 2 -methyl-3-pentynoic acid, obtained from the car- 
bonation of the Grignard reagent of 2-bromo-3-pentyne.
The original ether solution, from which the acidic 
material was extracted, was dried over magnesium sulfate 
and the ether removed on a rotary evaporator leaving 
2.74 g. (72# of theory) of trimethylbutyltin. This 
product was contaminated with about 1 0# of starting 
material as was shown by the infrared spectrum and by 
g.l.c. analysis (4 ft., 15# x F-1150 on Chromosorb W,
6 0 - 8 0  mesh) .
To a solution of 2.0 g. (4,8 x 10 mole) of 
penta-2 ,3 -dien-2 -yltriphenyltin in 2 0 ml. of dry benzene 
was added 2.14 ml. of phenyllithium in benzene/ether 
(Foote Chemical Co.), A white precipitate appeared almost 
immediately. The mixture was allowed to stir at room 
temperature for 0 . 5  hr., then 2 0 ml. of dry ether added 
and the reaction mixture cooled in a. dry ice-acetone bath.
A large excess of powdered dry ice was added and the 
reaction mixture was allowed to warm up to room tempera­
ture. Carbonation of the reaction mixture caused it to 
turn pink in color. The reaction mixture was worked up 
in the manner used previously for the isolation of an 
acidic product. Approximately 0.14 g. (25#) of crude
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acidic product was obtained. The product was shown by 
n.m.r. spectroscopy to be 85% 2-methyl-2,3-pentadienoic 
acid and 15% 2-methyl-3-pentynoic acid.
The neutral portion of the reaction mixture 
yielded 1.39 g. (74% based on recovered starting material, 
vide infra) of tetraphenyltin, m.p. 227-227°, lit.^ m.p. 
224-225°, 229°o
After removal of the tetraphenyltin, the neutral 
portion of the.reaction mixture was concentrated by re­
moving the ether and benzene on a rotary evaporator 
leaving 0.17 g° of starting material. This material was 
identified by its infrared spectrum.
6. 2.5-Pentadiene xvas prepared by the method of
Skattebol To a solution of 50 g. (0 . 1 9 8  mole) of 
carbon tetrabromide in 50 ml. of dry ether was added 
approximately 12 g. (0.21 mole) of cis-2-butene condensed 
to a liquid. This solution was cooled to -45° and a. 
solution of 30 g. (0.47 mole) of butyllithium (Foote 
Chemical Co.) in 2 8 5 ml. of hexane was added over a 
period of 7.5 hrs., with vigorous stirring. The reaction 
mixture was allowed to warm up to room temperature, then 
poured into 1000 ml. of ice water. The organic layer was 
separated and washed once with 100 ml. of water. The 
aqueous layer was washed with 50 ml. of hexane. The 
organic solutions were combined, dried over magnesium 
sulfate and fractionated on a 3 ft. Todd column using a 
reflux ratio of 4o/l. Only a small amount of 2,3-
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pentadiene was obtained, b.p. 48° (lit.,^ b.p. 48- 
48.5°) . The n.m.r. spectrum of the sample showed the 
presence of some ether remaining in the sample.
7. 2-Pentyne was obtained from Columbia Organic 
Chemicals, Inc., and used without further purification.
8 . 1-Phenyl-l-butvne was prepared by the reaction 
of the phenylethylnyl magnesium bromide with diethyl sul­
fate. To a solution of 0.1 mole of ethyl magnesium bro­
mide In 200 ml. of anhydrous ether was added, dropwise,
1 0 . 2  g. (0 . 1 0  mole) of ethynylbenzene in 1 0  ml. of ether. 
The reaction mixture was allowed to stir for 4 hours, and 
then 21.0 g. (0.14 mole) of freshly distilled diethyl 
sulfate in 20 ml. of ether was a.dded. The reaction mix­
ture was allowed to reflux for 1 2 hours, filtered, and the 
filtrate washed with 1 0 0  ml. of 1 0$ aqueous hydrochloric 
acid and 100 ml. of water. The solution was dried over 
magnesium sulf8,te and the ether removed on a rotary 
evaporator having 7.1 g. of a brown oil. The product was
purified by preparative g.l.c. (20 ft., 15$ Carbowax 20M
— 1on Chromosorb P). Infrared maximum (neat) at 2240 cm. , 
nD 2 6 1.5491 (lit.,^ np2° 1.5480). N.M.R. (neat), 'V values: 
9.37 triplet (CH^), J = 7.5 c.p.s.; 8 .18 quartet (CHg), 
j = 7 „ 5  c.p.s.; 2.8 -3 .4 multiplet (ArH).
9 . l-Phenvl-2-butyne was prepared by the lithium
aluminum hydride reduction of l-ch.loro-l-phenyl-2 -butyne
46by the method Johnson and coworkers. To a slurry of
0 . 9 3  g. (0.024 mole) of lithium aluminum hydride in 6 0 ml.
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of dry tetrahydrofuran was added a solution of 3 . 8  g. 
(0 . 0 2 3  mole) of l-ch.loro-l-phenyl-2 -butyne in 1 0 ml. of 
tetrahydrofuran. The addition was completed in 10 min. 
at 0°. The reaction mixture was allowed to reflux for 
6 hours, then hydrolyzed by the addition of 1 0  ml. of 50%> 
aqueous tetrahydrofuran. The resulting solution was ex­
tracted with two 50 ml. portions of n-pentane, the organic 
layer dried over magnesium sulfate and the solvent re­
moved on a rotary evaporator, leaving 1 . 6  g. (53%°) of 
crude l-phenyl-2-butyne. The product was purified by 
preparative g.l.c. (20 ft., 15%° Carbowax 20 M on Chromo- 
sorb W) , I.5 2 8 5 . N.M.R. (neat)( X values:: 8.76
triplet (CH^); J = 2.8 c.p.s.; 6.97 quartet (CHg), J =
2.8 c.p.s.; 3.0-3.3 multiplet (ArH). The Infrared 
spectrum did not show a maximum in the C ~ C  range due to 
the symmetry of the groups on the sp carbons.
Anal: Calcd. for: ^io^los ^ ’ 92.26; H, 7.74-.
Found: C, 92.18; H, 7.84
1 0 * 1 -Phenyl-l.2 -butadiene was prepared by the
base catalyzed isomerization of 1 -phenyl-2 -butyne by the
47method of Jacobs and Dankner. 1 Activated alumina was 
prepared by shaking 40 g. of neutral alumina (8 0 - 1 0 0  
mesh) with 1 0 g. of potassium hydroxide in 1 0 0  ml. of 
water. The water was removed on a rotary evaporator and 
the activated alumina given a final drying at 1 6 0 °
(0.5 mm.) for 14 hrs.
A 2 x 11 cm. column was packed with the activated
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alumina and a solution of 0.5 g. of 1-phenyl-2-butyne in 
10 ml. of dry pentane was placed on the column. In a 
period of 5 min. the product was eluted from the column 
by 100 ml. of pentane. The solvent was removed on a 
rotary evaporator and the infrared spectrum of the result­
ing oil was identical to the spectrum of 1-phenyl-l,2-
48butadiene prepared by an alternate synthesis. Analysis 
by g.l.c. (8 ft., 15$ XF-1150 on Chromosorb W) showed 
that the sample also contained 1-phenyl-l-butyne (<5$) 
and l-phenyl-2-butyne ( ~  10$).
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APPENDIX I
Computer Program for Calculation of 
Activation Parameters
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Computer Program for Calculation of Activation Parameters
Fortran II
1 DIMENSION X(IOO), Y(100)9 ¥(100)
2 3 READ 2SN
3 IF(N) 105,105,4
4 4 READ 5, (X(I),Y(l),¥(I),I*l,N)
5 5 FORMAT (F10.3, E10 .3,F10.3)
6 2 FORMAT (1H , 3H ,14,7011
1 )
7 XN - 0.
8 FN = 0 .
9 SX « 0.
10 SX2 = 0.
11 SY = 0.
12 SY2 = 0.
13 SXY~0.
14 PRINT 2,N
15 PRINT 10, (X(I),Y(l),W(l)tI«l,]S)
16 10 F0HHAT(1H ,7X,1HXP15X91HY,9XS)6H¥EIGHT//(1XS3F10.3,
4X,E11.4,4X,F10.3,1))
17 DO 8 I = 1,N
18 X(I) « 273-1 + X(I)
19 X(I) « 1./X(I)
20 Y(l) = Y(I) X(I)
21 Y(I)“L0GF(Y(I))
22 IF (¥(I)-l.E-37) 6,7,7
23 6 ¥(I) * 1.
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24 7 FN = FN+W(l)
25 SX * SX + X(I)*W(I)
26 SX2 = SX2 + X(I)*X(I)*W(I)
27 SY = SY +-Y(I)*W(I)
2 8 SY2 - SY2 + Y(I)«*Y(I)*W(I)
29 8 SXY * SXY + X(I)^Y(l)*W(I)
30 XN=N
31 B = (FN*SXY-SX*SY)/ (FN*SX2-SX<»*2)
32 A = (SY-B*SX)/FN
33 DY2 = (SY2- (SY«*SY/FN)-(((( SXY- SX^SY/ FN)**2)/ 
(SX2-SX*SX/FN))))/(XN-2,1.)
3^ DY=SQRTF (DY2*XN/FN)
35 DB =SQRTF (DY2/ (SX,f-SX*SX/FN))
36 DA -SQRTF (DY2«(SX2/ (FN**SX2-»SX^2)))
37 R = SQRTF ( ((SXY-SX*SY/FN.)**2)/((SX2-SX*»SX/FN) * 
(SY2-SY*SY/FN)))
38 PRINT 100, AgDAgDYpB9DB-
39 100 P0RMAT(lH09xfHA= iJEllo455Xj)6HDE¥ .A=&E11.425X96BDEV»
Y—gE10.3®////8H 1 SLOPB= PEll.4,10X,11HDEV .
SLOPE—s.Ell .4 )
40 PRINT 101 j, R




45 D EVS=1.987{>D A
46 PRINT 102sDHsDEVH,DS1>DlYS
47 102 FORMAT (lH095HDEL&=gF10.392X93H-{-/~95'10-3s)////lXs>
9H DELTA S= 9F10o29 lp 2Xs>3H-!-/-s*’10 -2)
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Kinetic Data
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Run 2
2-Penta-2 9 3-d. ienyltrt phenyltins 2.000 x 10 M.
HOIs 400.0 x 10"A M.
Solvents Methanol - water
X. 235 ibu 
—  0.200
Temperature = 25«0 + 0.1°0.





















9 0 0.527 0.327
95 0.500 0.300
100 0.473 0.273
Slope = -1.32 x  10~4 sec. 1
~4 -l
^1 ” 3.04 x 10 sec.
k2 = 7.59 x 10”5 M.”1 sec.”1
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Run 6
2~Penta-2s3“<iienyltrl ethyl tin s 2.730 x 10”^ H. 
HC1i 50.00 x 10~4 Mo 
Solvent % Methanol - 4$ water 
X *= 225 mh
Aej, — 0.029
Temperature = 25.0 + 0.1oG.

















18 0.425 O . 3 9 6
20 0.363 0.334







Slope = -6.45 x 10”4 sec.”1
= 1.48 x 10" ^ sec.”1
lc2 « 2.97 x 10”1 Mo”1 sec.”1
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Run 7
2-Penta-2® 3-<Heuyltriethyltin: 2.730 x lO”^ Mo
-4
HOI: 50.00 x 10 M.
Solvent: Methanol - h% water 
X = 225 mu 
A eo = 0.029
Temperature = 25.0 + 0.1°0.


























40 0 . 1 0 8 0.079
Slope * -6.17 x 10“4 sec.”'*'
-3 -1k^ = 1.42 x 10 sec.
k2 = 2.84 x 10”1 Mo”*1 sec.”1




2~Penta~2s, 3-dienyltriethyItIns 2.730 x 10 M.
„4
HOli 75.00 x 10 M.
Solvents Methanol •» 4^ water 
X = 225 m|Ji 
=  0.036 





















Slope = -9.21 x 10~4 sec,”'1'
-3 -1= 2.12 x 10 sec.
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Run 9
2-Penta~2E,3“<ilenyltrtethyltlni 2.730 x 10“^ 
HOIS 75.00 x 10 I.
Solvent g Metjmnol - 4% water 
X = 225 mu 
A co = 0.036
























Slope = “9.76 x 10 sec.
= 2.25 x 10~^ Bec.”^ 
l£g ~ 3.00 x IQ"1 M."1 sec.”1
1.68?
1 . 4 9 3
1 . 3 1 9
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Hun 10
2-Penta- 2 9 3-d.ienylt r± ethyl tin s
-4
HCls 10.00 s 10 Mo = a 
Solvent s Methanol - water 
X * 225 mu





1 1.830 0.050 0.073
4 1.765 0.115 0.167
10 1.650 0.230 0.334
20 1.352 0.528 0.767,
33 1.084 0.796 1.157
40 0.942 0.938 1.363
50 0.800 1.080 1.570
60 0.680 1.200 1.744
70 0.584 1.296 1.884
80 0.449 1.431 2.080
90 0.413 1.467 2.132
100 0.358 1.522 2.212
110 0.315 1.565 2.275
120 0.273 1.607 2.336
Slope = 1.05 x 
It2 = 3.34 x 10
-4
2.730 x 10 M. = b
— 1.880 
e = 6880
x * ------ -
e















_ «ss»4 — 10 sec. 1
1 „ -1M. sec
-1
©




2-Pen.ta-2a3-d.ieny It riphenyltint 2.500 x 10 
HOIi 100.0 x 10“4 M.
Solvent s Methanol - water 
X = 235 niy.
A** = 0.200




















Slope » «®3„o6 x 10~^ sec."^
kx = 7.04 x 10-5 gee."1 










































2-Penta“2p3“&ienyltriphenylttns 2.500 x 10 M.
HOI? 100.0 x 10 M.
Solvent ? Methanol - water
X = 235 mu
A «, - 0.200
Temperature = 25.0 Hh 0.1°G.
















Slope = -3.12 x 10 sec.
k, = 7.18 x 10”^ sec.”1
■ * 1  “1 
k2 = 7.18 x 10™ ^ Mo sec.




2-Penta-2s3“d.ieEyltrlphenyltins 2.500 x 10 M. 
HOls 200.0 x 10** Mo 
Solventi Methanol - 4$ water 
X =* 235 mp.
=  0.200 
Temperature ** 25.0 + 0.1°0.
ie (min.) 4^
1 2.18 1.98















Slope = “6.59 x 10”5 see."1
0.339
= 1.52 x 10 sec.
^2 “ 7.59 x 10-3 seCe **




2-Penta-2 9 3-d.ienyIt riphenyltln: 2 <.500 x 10 M.
»4
HOIi 200.0 x 10 Mo
Solvent s Methanol ■“ 4% water
ss 235 him
Ago =  0 C  200
Temperature «
o0inCVJ i o oi°o .
Time (mln.j A^ .
1 2.14 1.94













2 3 0 0.460 0.260
Slope = ~6.56 x
«aa I
10 sec.
kl = 1.51 x 10
-1
sec.
k0 « 7.56 x 10“3 -I -1 M. ■ sec.
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Run 15
2->Penta-2s 3“d.ien;yl trimethyl tin i 2.955 x 10 Mo 
HOI % 40„00 x 10”4 Mo 
Solvent s Methanol - 4$ water 
1 » 225 mu 
A** = 0.140
Temperature - 25 °0 + 0.1°0.














20 0.266 0 . 1 2 6
22 0.248 0,108
24 0.233 0.093
2 6 0.223 0.083
30 0.207 0.067
Slope = »8.94 x 10 4 sec.”1
3 “1
» 2,06 x 10- sec *
&2 = 5.15 x lo"1 Mo”1 sec."1




2“Pent&“2B3*-d.ienyltrimethyltins 2.955 x 10 
HOIs 40*00 x 10“* Mo 
Solvents Methanol - 4$ water 
X = 225 fflM 
M.&, = 0.140




















Slope = -9.22 x 10~4 sec.“^
**■ 3.= 2,12 x 10 sec. 
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Run 17
2-Penta-2s3-<iienyltrimetIiyltin: 2.955 x 10“^ M. = b 
HOI: 10.00 x 10“ 4  Mo = a 
Solvents Methanol - water
\ - 225 ffiM- Aq = 1 o 567
Temperature = 25 «0 + 0.1°0o e = 5309




A.A. j t A “A. 0 t 1 0 4x 1 0 ^ (a»x) lO^(b-x) 1 0 ®{f=f
1 1.482 0.087 0.164 9.836 2.791 0.447
2 1.442 0.127 0.239 9.761 2.716 0.556
5 1.319 0 . 2 5 0 0.471 9.529 2.484 0.584
1 0 1.137 0.432 0.814 9.186 2.141 0.633
15 0 . 9 8 0 0.589 1.109 8,891 1.846 0.683
2 0 0 . 8 5 0 0.719 1.354 8.646 1 . 6 0 1 0.733
25 0.749 0 . 8 2 0 1.545 8.455 1.410 0.778
30 0 . 6 6 1 0 . 9 0 8 1 . 7 1 0 8 . 2 9 0 1.245 0.823
35 0.589 O.9 8 O 1.846 8.154 1.109 0 . 8 6 6
40 0 . 5 2 8 1.041 1 . 9 6 1 8.039 0.994 0 . 9 0 8
45 0.477 1 . 0 9 2 2.057 7.943 0 . 8 9 8 0.947
50 0.431 1 . 1 3 8 2 .144 7.856 0.811 0 . 9 8 6
55 0.396 1.173 2.209 7.791 0.746 1.019
60 0.365 1.204 2 . 2 6 8 7.732 0.687 1.051
Slope = 1-57
-4 »l x 1 0 sec.
A 2 = 5.14 x lO" 1 M . * " 1 sec . ” 1
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Rim 18
2»Penta-2B3-&lenyltrlmethyltin$ 2.955 x 10~4 M. = b 
HOI % 10.00 x 10“4 Mo = a 
Solvent % Methanol - M-% water
X = 225 mw A0 » 1.569








A -A, 0 t
4lO^X 104 (a»x) 104 (b-x) l0s{b^
1 1.484 0.085 0.160 9.840 2.795 0 . 5 4 7
5 1.279 0.290 0.546 9.454 2.409 0 . 5 9 4
10 1.099 0.470 0.885 9.115 2.070 0.644
15 0.955 0.614 1.157 8.843 1.798 0.692
20 0.835 0.734 1.383 8.617 1.572 0.739
27 0.694 0.875 1.648 8.352 1.307 0.806
35 0.571 0.998 1.880 8.120 1.075 0.878
40 0.512 1.057 1.991 8.009 0.964 0.920
45 0.463 1.106 2.083 7.917 0.872 0.958
50 0.422 1.147 2.100 7.840 0.795 0.994
58 0.367 1.202 2.264 7.736 0.691 1.049
65 0.330 1.239 2.334 7 . 6 6 6 0.621 1.091
Slope = 1.578 _ _»4 “”1 x 10 sec.
k2 = 5.16 x 10"1 M.“X sec.~X
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Bun 19
2~Penta-2&3~&lenyltriplienyltin; 2.500 x 10“ Mo 
HOIl 200.0 x 10“4 Mo 
Solvent s Methanol » 4$ water 
k 235 mi*
" 0.200 
Temperature = 35<*0 + 0.1° G.











9 0 0.470 0.270
100 0.423 0.223
ra4 «oiSlope - -1.60 x 10 sec.
& 1 * 3.68 i 10 ^ see,”’*'
r- , _ -rap „„ —1 “*1
kg * 1.84 x 10 M. sec.
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Run 20
2“Penta»2s,3~dlenyltriphenyltinj 2.500 x 10“4 M*
HC1; 200.0 x 10~4 M.
Solvent % Methanol - water
X = 235 m
A &  = 0 . 2 0 0
Temperature = 35-0 + 0.1°0.
















Slope = *»1.57 x 10"4 sec.”1 
ki 1=1 3.62 x 10“4 sec.”1 
k2 — 1.81 x 10”  ^M.”1 sec.”1
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Run 21
2-Penta~2s3“&ienyltriethyltins 2*730 x 10 4 I 
HCls 30.00 x 10”4 M.
Solvent s Methanol - 4^ water 
X = 225 mfi 
App 0.033














Slope ® -6.97 x 10“ sec.* 
&-]_ = 1.61 x IQ"’ sec,“^ 
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Rum 22
2-Penta“2,3-&ienyltriethyltin: 2.730 x 10 M,
Slope = “7.81 x 10~4 sec, 1
k = 1.80 x 10-3 seCe"^
-1 -1 .-1 
kg = 6.00 x  10 M. sec.
HOll 30.00 x 10~4 M.
Solvents Methanol - water -
k = 225 nth
= 0.033
Temperature = 35»'0 + 0.1°0.
Time (min.) ^t “ A jqq
1 1.724 1.691
3 1.461 1.428
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Run 23
2“Penta-293“<iienyltrIiaethyltlns 2.955 x 10 M.
HOIs 30-00 x 10~4 M.
Solvents Methanol - 4$ water 
X - 225 up 
Aes « 0.140
Temperature = 35-0 + 0.1°C.
















Slope « -1.20 x 10~^ sec
lr1 « 2.76 x 10“5 sec.”1
=1 -I -1 
]£g = 9«20 x 10 M. see.
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Run 24
2-Penta-2£,3~<lienyltrimethyltIn% 2.955 x 10“^ M©
HOI l 30o00 x 10“4 Me 
Solvent s Methanol - 4$ water 
X * 225 mu 
A cj, = 0 e l40
Temperature = 35*0 + 0.1°C.













Slope “1.24 x 10“5 sec.*1
•1= 2.86 x 10“^ sec.
kc - 9.53 x 10m± M. "*■ sec.




2“Penta-2„3-dienyltriethyltins 2.730 x 10 M« 
HOI: 30.00 x 10“4 M.
Solvents Methanol - 4% water 
X. = 225 mu 
* 0.033 
Temperature = 35.0 + 0 ,1°C.
Time (min.)
-1
oSlope = -7.11 x 10 sec
3 -I J sec.
1 -1 “i












« 5.47 x 10 M. A sec.
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Run 26
2-Pen. ta-2j, 3-dienyltrlmethyltln s 
HC1: 30.00 x 10~4 M.
Solvents Methanol - water 
X = 225 mp 
- 0„ 140 















Slope ® -1.23 x 
k^ = 2.83 x 10*” 
kg = 9.43 x 10"
1 07

















S 0 C  «
-1 -1M. sec.
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Run 27
2»Penta-2s3“&ienyltrIphenyltlns 2.500 x 1 0 "4  M.
HOls 200.0 x 10"4 $L
Solvent % Methanol - 4$ water
4 = 235 mu
Aw = 0.200
Temperature = 45.0 + 0.1°0.

















Slope = *=2.46 x 10"^ seco4  
kx = 5.67 x 10”4  sec.”1 
Isg = 2.84 x 10”2 M.“1 sec.”"1
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Run 28
2-Penta”2e3-dienyltriphenyltlns 2.500 x 10“^ M.
HOls 200.0 x 10*"^  H.
Solvent s Methanol - 4% water 
X = 235 mu 
A ^  = 0.200
Temperature = 45.0 + 0.1°C.

















Slope = »>2.42 x 10~ sec.”
- . 4 “I
= 5.57 x 10 sec. 
h2 = 2.79 x 10“2 M."1 sec.”1
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
1 10
Run 29
2“Penta»2P3-llenyltriethyltins 2.730 x 10 M.
HC1! 20.00 x 10~4 M.
Solvent: Methanol - 4$ water 
2t = 225 mp.
= 0.033 


















Slope « -8.77 x 10 sec.
= 2.02 x 10*”2 sec.'"'1'
k2 = 1.01 x 10”1 M.“>1 sec."1
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Hun 30
-4
2-Penta-203-dIenyltr± ethyl tin: 2.730 x 10 I 
HOIS 20o00 s 10 M.
Solvents Methanol - 4$ water 
X. = 225 mp 
A qp = 0.033

















Slope = -8.88 x 10”^ sec.~'L 
= 2.05 z 10 sec.*” 
k^ = 1.03 x 10 ^ M. ^ sec. ^
1-552 
1.403 
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■»4 =»1Slope - “5®31 2C 10 sec.
= 1.22 x 10”3 sec."1
bsbI m 1 <°1
k0 » 1*22 x 10 M* sec„2
Run 31
1- Pb.eny l~l“buta~ 2 j, 3~d. 1 enylt rim ethyl tin. s 1.019 x 10*”4 M, 
HOI % 100.0 x 10”4 M.
Solvents Methanol - 4^ water 
4 — 225 mp,
A ~ 0.800
Temperature = 25.0 +• 0«1°C,
Time (min.) A^ . - A ^
1 1.175 0.375
2 1.151 0.351
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Run 32
l”Phenyl”l-'buta»2j,3=»dlenyltrimethyltin: 1.019 x 10~4 M. 
HOls 100.0 x 10~4 M.
Solvent 1 Methanol - 4% water 
X = 225 rnjji 
= 0 .800 
Temperature = 25.0 + 0.1°0.
Slope =- -5.40 x 10 sec.
* 1.24 x 10-3 gee.*”-®*
1c -• 1.24 x 10"*”* M."^ sec,
»1
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Run 33
l-PhenyX-l-'buta-233~aienyltrimethyltin: 1,019 x 10~4 M. 
HOIs 20.00 x 10"4 M.
Solvent % Metkanol - water 
X = 225 mu
Aoo = 0.800












1 0 0  0 . 9 0 5  0 . 1 0 5





Slope = “1.02 x 10”4 sec.”1
lc-, = 2.35 x 10”4 sec.”*1
-1 -1 -1 l£ = 1.18 x 10 M. sec.
2
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Run 3 4
—4l-Phenyl~l~buta-»293“CLlenyltrlmethyltln: 1.019 x 10 M.
~4HOI 8 20 .00 x 10 M.
Solvent % Methanol « 4$ water 
4 = 225 mji 
« 0.800 
Temperature = 25.0+0.1° 0.


















Slope = “1.26 x 10 see.
k-^  - 2.70 x 10 see.
k„ = 1.35 1 IQ”1 M."1 sec."1
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Run 36
1 -Phenyl-1-buta-2p3-dienyltrimethyltins 1.019 x 10“4 M.
..4
HGls 20.00 x 10 M.
Solvent s Methanol - 4$ water 
X = 225 mp
• oe »  0.800
Temperature = 35.0 + 0.1°G.











5 0 0 . 9 0 0  0 . 1 0 0
5 6 0 . 8 8 8  0 . 0 8 8
6 0 0.880 0.080
65 0.875 0.075
70 0.865 0.065
Slope = -2.02 x 10 4 sec.’”'*'
= 4.65 x 10“4 sec.”1 
fc2 « 2.33 x l o ” 1 M.”1 sec.”1
fyC'
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Hun 37
l-Ehenyl~l-'buta«2p3-dlenyltrimethylt±ns 1.019 x 10 M< 
HOI % 20.00 x 10~4 M.
Solvents Methanol ~ 4$ water 
X = 225 am 
A^ * 0«800
Temperature = 35 «0 + 0.1°C.
















Slope = -2.18 x 10"4 sec."^
3^ = 5.02 x 10"4 sec.”1
k - 2.51 x 10"1 M."1 sec."1 
2
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Run 58
l~Phenyl“l“buta-2j,3~&ienyltrlmetliyltIn! 1.019 x 10 $[.
-4HOI § 20.00 x 10 M.
Solventi Methanol - 4$ water 
X = 225 mfji 
=  0.800 
Temperature = 45«0 + 0.1°Q.






20 0 . 9 3 0  0.130
24 0.910 0.110




Slope = -3.44 x 10"^ sec
= 7-92 x 10”4 sec.”1
lig = 3.96 x lO”1 M.”1 sec.**1
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Run 39
l-Phenyl-l™buta-2g,3“d.ienyltrimethyltin? 1,019 x 10“^ M.
HOIl 20,00 x 10~4 M ,
Solvent s Methanol - h% water 
X. = 225 mp.
= 0.640 
Temperature = 45 «0 + 0.1°C.












Slope = «3o38 x 10”4 sec .*” 1
^  = 7 . 7 8  x 10”4 sec.”1
k2 = 3 0 8 9 x k T 1 M . -" 1 sec. " 1




2-Penta-293-&ienyltrimethyltin: 2.576 x 10 M. = b
-4
HOls 10.00 x 10 M. = a 
Solvents Methanol - 4% water
X = 225 mp A q 1.368

















10 (b-x ) log[b-x}
1 0.898 0.470 0.8851 9.115 1.691 0.732
2 0.825 0.573 1.023 8.977 1.553 0.762
4 0.695 0.673 1.267 . 8.733 1.309 0.824
6 0.583 0.785 1.478 8.522 1.098 0.890
8 0.496 0.872 1.642 8.358 0.934 0.952
10 0.423 0.945 1.780 8.220 0.796 1.014
12 0.369 0.999 1.881 8.119 0.695 1.067
14 0.328 1.040 1.959 8.041 O.617 1.115
16 0.291 1.077 2.028 7.972 0.548 1.163
18 0.266 1.102 2.075 7-925 0.501 1.199
Slope = 5»25 x 104 sec.”1
k =1.63 M."1 sec."1 
2




HClS 10.00 x 10~4 M. = a 
Solvent s Methanol ~ 4% water 
\ - 225 mu




A^ At,-A,) t 104X
1 1.18 0<,188 0 . 3 5 4 0
2 1.08 0,,288 0.5424
4 0.920 0,,448 0.8437
6 0.762 0,,606 1.141
8 0.638 0.-730 1.375
10 0.538 0..830 1.563
12 0.460 0,. 9 0 8 1.710
14 0.402 0,. 9 6 6 1.819
16 0.354 1..014 1.910
18 0.315 1..053 1.983
Slope = 5.29
55 1.64 M.2
2.576 x 10~4 M. — b




10 (a-x) 10 (b-x) logTb-x
9.646 2.222 0.638
9.458 2.038 0 . 6 6 7
9.156 1.732 0 . 7 2 3
8.859 1.435 0 . 7 9 1
8.625 1.201 0.856
8.437 1.013 0.921
8.290 0.860 O.9 8 I
8.181 0.757 1.034
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4-Ph©nyl~2~buta-2B3~<lI©nyltrimQttoyltims 1.261 x 10 
HC1s 100.0 x 10“4M.
Solvents Methanol - 4% water 
X =* 235 
A &  =*• 0.690
Temperature = 25*0 * 0.1°0.









Slope as- -4.93 2: 10 sec.
» 1.14 s 10”3 sec.”1
k2 ■ 1.14 x 10~3 M."1 sec.””1
OO
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Run 43
■ s w r a m n B B s S i
a
4-Phenyl-2-buta-2s3-dienyltrimethylt±ns 1.261 xlO M.
-4HOI I 100.0 x 10 M.
Solvent s Methanol - 4$ water 
X; ® 225 m{Ji
Apo - 0.690
Temperature = 25-0 +• 0.1°0.
.me (min. ) is "^t ** ^
1 1.200 0.510











Slop© = -4.17 x
„4 -I 
10 sec.
kx » 1.08 x 10“5 sec."1
-1 -1 _i
k2 * 1.08 x 10 M. sec.




4- Ph©nyl»2~buta»2p3“dl©nyltrimethyltlms 1.261 x 10 M. 
HC1: 25.00 x 10~Sd.
Solvents Methanol - water 
4 225 mp
-  0.690 
Temperature = 25.0 + 0.1°0.













1 1 0  0 . 7 8 6  0 . 0 9 6
120 0.773 0.083
Slope ■ -1.17 x 10-4 gee.”1 
^  * 2.69 x 10“4 sec.”1 
k2 * 1.08 x 10"1 M.""1 sec.”1
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4~Pb.©a3rl-2~'buta“2g 3radienyltrim©thyltia s 1.261 x 10 M 
HOIt 25-00 x lO-^M.
Solvent i Methanol - 4$ water 
X «• 225 
ip o ^  0 .690

















Slope = -1.23 x :10"4 sec. ”1
k! = 2.83 x 10-* s ec. 1
k2 « 1.13 x 10”1 M."1 S©C 1
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Bun 46
4-Pb.©nyl“2-bu-fca“2 83“dIen.yltrimethyl-bin: 1.261 x 10“ M.
HOIt 5 0 . 0 0  x H O
1 £
Solvent: Methanol - 4$ water
X = 225 m|a 
kao a 0.690 
Temperature = 35.0 + 0.1°0.
Time (min.) 4-t — A qo
1 1 . 1 6 6 0.476
4 1 . 0 9 6 0.406
6 1.043 0.353
9 O.9 8 O 0.290
1 2 0.932 0.242
15 0 . 8 9 0 0 . 2 0 0
1 8 0.855 0.165
2 1 0.822 0.132
24 0.802 0 . 1 1 2
27 0 . 7 8 1 0.091
30 0.769 0.079
33 0.752 0 . 0 0 2
Slope = -4.07 x i
“4 .»"i 
1 0 sec. -*
k1 » 1.08 x 1 0 “ 3 sec .”•*•
1^2 = 2.16 x 1 0 ” 1 M . s e e .  ^
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4-Phenyl-2-buta-2£)3“cLlenyltr±niethyltlns 1
HCls 50.00 x 10~4M .
Solvents Methanol - M-% water
X. = 225 m|ji
■ t o o  =  0.690
Temperature = 35*0 + 0.1°0.













Slope = -4.51 x 10“4 sec.' 
3c ^ - 1-04 x 10“3 sec.”-1-
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-44-Phenyl-2“buta-293-d±enyltrimethyltin: 1.261 x 10 M. 
HCls 25.00 x 10~4M.
Solvent: Methanol - M-% water 
X = 225 mu 
Aoo «■ 0.690
Temperature = 45.0 + 0.1°C.




9 1 . 0 2 6 0.336
1 2 0.965 0.275
15 0 . 9 2 2 0 . 2 3 2
1 8 0.895 0.205
2 1 0.880 0 . 1 9 0




Slope = -3.88 x 10“4 sec."1
0,079
= 8.94 x 10"4 sec."1 
kg — 3-58 x 10"1 M."1 sec.'1




4-Phenyl- 2-buta-2 s 3-d1enyltrimethyltin: 1.261 x 10 M.
HOIi 25.00 x 10"^M.
Solvent x Methanol - 4$ water 
X = 225 mp 
=  0.690 
Temperature = 45.0 + 0.1°0.
Time (min.) A^ - A ^














Slope *s -3.94 x 10 sec.”-1
0.074
_ 4  - 1
^i =9.07 x 10 sec.
fc2 = 3.65 x 10“1 M."1 sec."1




HOI% 25.00 x 10"4M.
Solvents Methanol - water 
X. = 225 mp 
0.690
Temperature = 45.0 + 0.1°0.
Time (min.) A^











36 0 . 8 0 6 0.116
40 0.800 0.110
Slope = “3-65 x 10"4 sec. 1 
iL± = 8.41 x 10"4 sec."1 
Ic^  ~ 3 • 36 x  10 1 M. 1 sec. 1
1.261 x 10"4M.
A^ "■ A 00
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